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formerly  published,  as  from  the  rapid  progress  of 
the  Science,  it  has  been  necessary  to  write  it 
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cussion of  controverted  opinions,  or  the  state- 
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propriety  a place  in  a Systematic  Work. 
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INTRODUCTION. 


GENERAL  VIEW  OF  THE  NATURE,  OBJECTS,  AND  AP- 
PLICATIONS OF  CHEMISTRY.  HISTORICAL  SKETCH 
OF  ITS  ORIGIN  AND  PROGRESS.  PRINCIPLES  OF 
CHEMICAL  ARRANGEMENT. 


fTpHE  different  departments  of  Physical  Science  have 
relations  more  or  less  intimate,  whence  it  becomes 
difficult  to  establish  their  respective  limits  with  perfect  pre- 
cision. Still  there  are  certain  leading  characters  by  which 
the  classes  of  phenomena,  which  it  is  their  object  to  in- 
vestigate, may  be  discriminated,  and  the  sciences  themselyes 
sufficiently  defined. 

One  extensive  class  includes  the  phenomena  which  a- 
rise  from  actions  exerted  between  masses  of  matter  at  sen- 
sible, and  often  at  immense  distances,  accompanied  in  ge- 
neral with  no  other  change  than  that  of  place,  and,  in 
particular,  not  connected  with  any  alteration  in  the  proper- 
ties of  the  bodies  between  which  they  have  been  exerted. 
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Actions  of  this  kind,  under  different  modifications,  consti- 
tute the  various  branches  of  Mechanical  Philosophy. 
Astronomy  has  for  the  objects  of  its  inquiries,  the  move- 
ments of  the  heavenly  bodies.  Optics  studies  the  phenome- 
na which  arise  from  the  motion  of  the  rays  of  light.  T.  o 
Pneumatics  belongs  the  consideration  of  the  impulse,  pres- 
sure, and  resistance  of  elastic  fluids  : and  under  Mecha- 
nics, in  the  extensive  sense  of  the  term,  is  placed  the  deter- 
mination of  the  effects  of  the  same  forces  on  non-elastic 
fluids  and  solids.  In  all  of  these,  the  changes  which  are 
the  objects  of  investigation  are  the  results  of  sensible  mo- 
tions arising  from  the  operation  of  powers  which  act  at 
perceptible  distances  ; they  are  therefore  capable  of  being 
determined  with  precision  *,  and  hence  a leading  character 
of  these  sciences,  that  their  principles  can  be  established  on 
mathematical  evidence. 

Another  class  of  actions  of  a very  different  nature,  com- 
prises those  which  are  exerted  between  the  minute  parti- 
cles of  matter.  We  are  liable,  in  regarding  any  solid  body, 
to  consider  it  as  a continuous  mass,  all  the  parts  of  which 
are  in  perfect  contact.  A little  inquiry,  however,  is  suf- 
ficient to  convince  us  of  the  error  of  this  conclusion,  and 
to  prove  to  us  that  every  mass  of  matter,  even  in  its  dens- 
est state,  is  composed  of  minute  particles,  which  are  not 
in  contact,  but  are  only  retained  within  certain  distances 
by  a peculiar  force.  We  soon  discover,  too,  that  this 
force  is  liable  to  be  variously  modified,  and  that  in  conse- 
quence of  this,  these  particles  are  capable  of  acting  on  each 
other,  of  changing  their  relative  positions,  and  of  entering 
even  into  intimate  combinations.  Hence  arises  an  exten- 
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srrve  class  of  actions,  more  obscure  and  complicated  than 
those  which  belong  to  the  Mechanical  Sciences.  The  in- 
vestigation of  these  actions  constitutes  the  Science  of  Che- 
mistry. 

Chemical  action  is  thus  distinguished  by  characters  suf- 
ficiently marked.  It  is  exerted  between  the  minute  parti- 
cles of  matter  : it  brings  them  into  new  arrangements  or 
combinations,  whence  changes  are  produced  in  the  pro- 
perties of  the  bodies  subject  to  it ; anti  being  exerted  at 
no  sensible  distances,  it  admits  of  no  precise  determination, 
as  to  its  direction  or  intensity,  but  is  discovered  only  from 
changes  of  constitution  or  of  form.  And  Chemistry,  in 
conformity  to  these  views,  may  be  defined,  the  Science 
which  investigates  the  combinations  of  matter,  and  the 
agencies  of  those  general  forces  whence  these  combinations 
are  established  and  subverted. 

The  principal  power  productive  of  chemical  phenomena, 
is  that  species  of  Attraction,  exerted  between  the  parti- 
cles of  bodies,  which  brings  them  into  intimate  and  per- 
manent union.  From  its  exertion  between  particles  of  a 
similar  nature,  arise  the  forms  under  which  bodies  exist, 
and  many  of  the  physical  qualities  of  which  they  are  pos- 
sessed. And  from  its  exertion  between  particles  of  differ- 
ent kinds,  are  derived  the  greater  number  of  substances 
which  compose  our  globe, — these  consisting  of  certain  ele- 
ments retained  by  this  power  in  a state  of  combination. 

This  attractive  force  is  always  modified  in  its  action  by 
certain  repulsive  powers.  Of  these  the  most  general  is  the 
power  of  Heat.  Its  immediate  operation  is  to  separate 
die  particles  of  bodies,  and  place  them  at  greater  distant* 
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ces  ; it  thus  changes  their  forms  and  qualities,  and,  when 
in  a certain  degree  of  intensity,  subverts  the  combinations 
which  attraction  has  produced.  Galvanism  is  perhaps  to 
be  regarded  as  a force  of  a similar  kind,  or  rather  it  com- 
municates to  the  particles  of  matter  both  attractive  and 
repulsive  powers,  whence  similar  changes  of  combination 
arise. 

From  actions  so  extensive  and  important,  arise  changes 
in  the  structure  and  constitution  of  bodies,  connected  with 
many  of  the  established  operations  of  nature,  or  capable 
of  being  adapted  to  purposes  of  utility,  constituting  various 
arts.  Of  these  applications  of  Chemistry,  a full  develop- 
ment, even  under  a general  point  of  view,  would  be  incom- 
patible with  the  limits  of  this  preliminary  discourse ; but 
a few  examples  are  required  to  convey  a just  idea  of  the 
extent  of  the  science,  and  of  the  interest  which  its  study  is 
calculated  to  excite. 

No  view  of  adjustment  in  the  economy  of  nature  is  more 
admirable  than  that  which  Chemistry  traces  with  regard 
to  the  temperature  of  the  globe,  the  sources  of  its  varia- 
tions, and  the  limits  within  which  these  are  restrained. 
That  degree  of  heat  which  is  necessary  to  sustain  the 
greater  number  of  natural  operations,  is  derived  from  the 
action  of  the  solar  rays  on  the  surface  of  the  earth  but 
from  the  mode  in  which  this  is  communicated,  it  is  neces- 
sarily unequal,  or  prevails  in  different  degrees  of  intensity 
at  different  seasons,  and  at  different  regions  of  the  earth  ; 
and  did  not  certain  arrangements  exist,  this  inequality 
would  continue  progressive.  These  arrangements  Chemis- 
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try  unfolds,  and  by  discovering  that  absorption  of  heat 
which  attends  the  rarefaction  of  the  atmosphere,  the  eva- 
poration of  water,  and  the  melting  of  ice,  and  that  evolu- 
tion of  heat  which  accompanies  the  reverse  changes,  it 
enables  us  to  trace  the  causes  by  which  the  extremes  of 
climate  and  the  transitions  of  seasons  are  moderated,  and 
the  tempei'ature  over  the  surface  of  the  globe  is  preserved 
within  comparatively  a limited  range. 

Chemistry  has  still  to  investigate  another  adjustment  in 
the  economy  of  nature,  the  necessity  for  which  the  re- 
searches of  this  science  have  alone  discovered.  That  air 
is  indispensable  to  living  beings,  is  sufficiently  demonstrated 
by  familiar  facts  ; but  that  this  air,  in  being  breathed  by 
animals,  is  rapidly  deteriorated,  and  rendered  at  length 
unfit  to  sustain  fife,  is  established  by  the  experiments  ot 
the  Chemist ; and  it  is  only  by  these  experiments  that  the 
change  of  composition  from  which  this  arises  is  made 
known.  It  is  of  course  only  from  the  successful  prosecu- 
tion of  these  researches  that  we  can  discover  the  natural 
operations  by  which  it  is  counteracted,  and  the  due  purity 
of  the  atmosphere  preserved. 

The  spontaneous  evaporation  of  water,  its  elevation  in 
clouds,  and  its  deposition  in  the  form  of  dew,  rain  and 
snow,  are  dependent  on  chemical  action.  From  the  princi- 
ples of  this  science,  the  laws  which  regulate  these  processes, 
so  far  as  they  are  known,  have  been  illustrated,  and  it  is 
only  from  the  extension  anil  more  strict  application  oi 
these  principles  that  their  theory  can  be  fully  developed. 

We  trace  the  chemical  agency  of  water  in  many  other 
natural  operations,  in  its  action,  lor  example,  on  the  surface 
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of  the  earth,  the  disintegration  it  occasions,  and  the  ulti- 
mate formation  of  soil ; and  in  the  processes  of  animated 
existence,  particularly  in  sustaining  the  growth  of  plants, 
and  affording  the  principles  whence  their  products  are  form- 
ed. 

By  discovering  to  us,  that  the  substances  which  belong 
to  the  Mineral  Kingdom  arc  compounds  of  certain  ele- 
ments, Chemistry  demonstrates  that  their  formation  must 
have  been  the  result  of  chemical  combinations  ; and  the  ap- 
plication of  its  principles  must  afford  the  explanation  of 
those  arrangements,  which  the  observations  of  the  Geolo- 
gist, skilfully  generalized,  have  demonstrated  to  prevail 
in  the  structure  of  the  solid  parts,  of  the  globe.  And  it 
will  also  ultimately  give  the  only  sure  basis  on  which  the 
species  of  minerals  are  established  and  arranged. 

We  can  trace  the  predominance  of  chemical  action,  not 
less  in  the  processes  of  animated  nature,  though  these,  from 
their  obscurity  and  complication,  are  more  difficult  of  elu- 
cidation. In  vegetation  we  discover  a series  of  operations, 
in  which  the  principles  conveyed  to  tlie  growing  plant  are 
brought  into  new  combinations,  so  as  to  form  its  diversified 
products  : some  of  the  chemical  agencies  connected  with  it 
have  been  already  successfully  investigated  ; and  hi  the  pro- 
gress of  the  science  we  may,  without  any  undue  confidence, 
predict  its  full  development,  as  a result  of  chemical  affinities, 
modified  by  the  circumstances  under  which  they  are  ex- 
erted. The  chemical  processes  of  the  Animal  System  are 
still  more  complicated  and  more  dependent  on,  or  at  least 
more  intimately  connected  with,  the  peculiar  laws  of  vitali- 
ty j yet  even  in  these,  Chemistry  has  discovered  a. number 
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of  important  truths  : the  most  perfect  theory  which  we  yet 
have  of  any  function  of  life,  that  of  respiration,  and  the 
production  by  that  process  of  animal  heat,  is  strictly  che- 
mical, and  affords  a proof  of  what  may  be  attained  in  a 

more  advanced  state  of  chemical  physiology. 

/ 

With  the  processes  of  Art,  Chemistry  is  not  less  strict- 
ly connected  than  with  the  operations  of  Nature  ; nor 
would  it  be  easy,  in  an  Introductory  Sketch,  to  do  justice  to 
its  practical  applications.  The  extraction  of  metals  from 
their  ores,  the  purifying,  casting,  and  forging  them,  the 
production  of  metallic  alloys,  and  of  metallic  pigments,  the 
manufacture  of  glass,  ol  pottery  and  porcelain,  tfre  pro- 
cesses of  bleaching  and  of  dyeing,  of  making  starch,  su- 
gar, and  vinegar,  of  fermenting  and  distilling,  ol  tan- 
ning, of  soap-making,  and  of  preserving  animal  substances 
from  putrefaction, — all  of  these,  in  their  most  minute  de- 
tails, are  in  the  strictest  sense  of  the  term  Chemical  Ope- 
rations. It  is  from  the  skilful  application  ol  the  principles 
of  this  science,  rather  than  from  the  uncertain  suggestions 
of  chance  or  of  random  experiment,  that  their  improvement 
is  to  be  derived.  As  Chemistry  advances,  its  applications 
to  purposes  of  utility  will  become  more  extensive,  and  moie 
easily  regulated  •,  and  as  it  is  unbounded  in  the  objects  of 
its  researches,  we  can  assign  no  limits  to  the  extent  of 
these  relations,  nor  foresee  how  far  it  may  yet  add  to  the 
power  of  man. 
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This  important  department  of  Physical  Science  is  alto- 
gether of  modern  origin.  It  had  no  place  in  the  system 
of  Ancient  Philosophy  ; and  though  arts  were  practised 
from  the  most  remote  antiquity,  the  processes  of  which  are 
dependent  on  chemical  actions,  the  relations  of  these  were 
never  discovered,  and  their  principles  remained  unknown. 

Its  origin  is  to  be  traced  to  a singular  pursuit  which 
commenced  towards  the  decline  of  literature,  and  which 
continued  for  many  ages  to  be  followed  with  Unabated  ar- 
dour,— that  of  the  art  of  transmutation,  or  of  converting 
the  baser  metals  into  silver  or  gold.  In  the  prosecution 
of  these  delusive  researches,  observations  were  necessarily 
made  on  the  changes  produced  by  the  mutual  chemical  ac- 
tions of  bodies,  and  these  formed  the  base  on  which  the 
science  of  Chemistry  has  been  gradually  reared. 

The  date  of  the  rise  of  Alchemy,  as  this  pretended  art 
of  transmutation  was  named,  is  not  exactly  known.  It  has 
been  traced  to  the  fifth,  the  fourth,  or  even  to  the  third 
century  ; but  there  is  every  reason  to  doubt  of  the  authen- 
ticity of  the  authorities  on  which  it  has  been  referred  to 
these  early  periods.  Towards  the  close  of  the  fifth  cen- 
tury, some  progress  appears,  however,  to  have  been  made 
in  chemical,  or  rather  alchemical  investigations.  Among 
the  Arabians,  who  had  received  the  science  and  literature 
of  the  Greek  Empire,  the  study  of  alchemy  was  eagerly 
prosecuted  ; and  transferred  to  Europe,  it  continued  amid 
the  darkness  of  the  middle  ages,  and  even  to  a later  pe- 
riod, to  delude  and  mislead  those  who  endeavoured  to  pe- 
netrate the  mysteries  of  nature.  The  ultimate  failure  of 
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these  laborious  researches  led  to  the  suspicion  of  the  sound- 
ness of  the  views  from  which  they  originated  ; and  the 
real,  though  slow  progress  of  experimental  inquiry,  en- 
lightened by  the  more  philosophical  spirit  of  investigation 
which  marked  the  sixteenth  century,  banished  at  length 
the  follies  and  deceptions  of  alchemy,  and  laid  the  founda- 
tion of  chemical  knowledge.  At  the  conclusion  of  this 
period,  a number  of  important  facts  had  been  established; 
some  of  the  most  powerful  chemical  agents  had  been  dis- 
covered ; the  instruments  of  the  principal  operations  of 
\ 

Chemistry  were  invented,  and  the  methods  of  conducting 
its  processes  were  improved. 

It  is  not  the  object  of  this  sketch  to  follow  with  any  mi- 
nuteness the  progress  of  Chemistry  through  its  successive 
stages.  It  is  sufficient  to  give  it  a more  rapid  glance. 
Kunckel,  Homberg,  Lemery,  and  Geoffroy,  were  its  first 
eminent  cultivators  free  from  alchemical  bias.  Van  Hel- 
mont  had  called  the  attention  of  Chemists  to  the  aerial 
fluids  so  frequently  disengaged  in  their  experiments,  and 
had  even  pointed  out  some  of  their  properties  and  distinc- 
tions,— a subject  prosecuted  by  Boyle,  especially  in  so  far 
as  related  to  the  action  of  atmospheric  air,  and  by 
Mayow,  with  still  more  extensive  and  accurate  views. 
Bacon  fixed  the  limits  of  Chemistry,  and  assigned  it 
its  due  rank  in  the  scale  of  natural  knowledge  ; and 
Newton  generalized  its  principal  phenomena,  by  tra- 
cing more  distinctly  the  combinations  and  decompo- 
sitions, which  are  the  chief  objects  of  its  investigations, 
to  the  operation  of  that  species  of  attraction  exerted 
at  insensible  distances  between  the  particles  of  matter. 
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Beecher  sought  to  anticipate  what  is  the  final  object  of  che- 
mical investigations,  and  what  will  only  be  attained  when 
these  have  reached  perfection, — the  determination  of  the 
elements  from  the  combination  of  which  all  the  existing 
varieties  of  matter  are  formed  : and  Staid,  adopting  in  part 
his  views,  but  limiting  his  speculations  to  the  operation 
of  one  principle,  that  to  which  the  property  of  communi- 
cating inflammability  was  ascribed,  framed  an  hypothesis 
so  extensive  in  its  chemical  relations,  as  to  have  been  re- 
garded at  one  time  as  a general  system  of  the  science,  and 
so  well  constructed  as  to  have  commanded  unlimited  as- 
sent. 

The  process  of  Combustion  is  of  primary  importance 
in  Chemistry,  not  only  from  the  striking  phenomena  it 
displays,  but  from  its  affording  in  some  measure  a division 
of  bodies  founded  on  chemical  relations,  and  from  giving 
Origin  to  some  of  the  most  important  chemical  agents. 
Changes  analogous  to  those  which  occur  in  this  process, 
are  likewise  produced  by  the  operation  of  these  agents  ; 
and  thus,  whatever  theory  is  framed  of  combustion  itself, 
is  farther  extended,  and  is  indeed  capable  of  being  more 
or  less  remotely  connected  with  nearly  the  greater  num- 
ber of  chemical  phenomena.  Stahl  supposed  the  existence 
of  a common  principle,  Phlogiston,  as  he  named  it,  in  in- 
flammable bodies  : its  disengagement,  under  the  form  of 
heat  and  light,  constituted,  he  imagined,  the  process  of 
burning : its  escape  gave  rise  to  the  change  of  properties, 
and  particularly  to  the  loss  of  inflammability,  which  the 
body  suffering  combustion  always  sustains  : its  communi- 
cation again  to  the  burnt  body  restores  its  original  quali-r 
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ties  ; and  its  transfer,  in  other  cases  of  chemical  action, 
gives  rise  to  analogous  effects. 

This  hypothesis  connected  a number  of  phenomena  by 
a common  principle,  and  apparently  afforded  a just  ex- 
planation of  them.  Resting,  however,  on  an  imperfect 
knowledge  of  the  facts  which  it  generalized,  the  progress 
of  the  science  discovered  its  imperfections,  and  established 
very  different  views. 

Substances  existing  in  the  aerial  form,  are  from  their 
subtility  apparently  not  easily  subjected  to  the  usual  me- 
thods of  chemical  investigation  ; and  hence,  though  some 
of  the  facts  connected  with  their  formation  and  disengage- 
ment had  attracted  the  attention  of  Chemists,  their  chemi- 
cal actions  had  never  been  clearly  investigated,  their  dis- 
tinctions established,  nor  the  importance  of  their  agency 
understood.  Black,  by  his  discovery  of  the  properties  and 
combinations  of  one  of  these  aerial  substances,  Fixed  Air, 
or  Carbonic  Acid  Gas,  demonstrated  the  importance  of 
these  researches,  and  the  department  of  Pneumatic  Che- 
mistry was  soon  eagerly  cultivated.  By  the  discoveries  of 
Cavendish,  Priestley,  and  Scheele,  the  existence  of  other 
aerial  fluids,  their  properties,  and  chemical  relations,  were 
established  : and  Lavoisier,  entering  the  same  path  of  ex- 
periment, and  availing  himself  of  these  discoveries,  advan- 
ced speculations  distinguished  by  their  novelty  and  inge- 
nuity, and  which  soon  assumed  the  place  of  the  hypothe- 
sis of  Stahl.  The  phenomena  which  had  been  ascribed  to 
the  evolution  of  phlogiston,  Lavoisier  proved  to  arise  from 
the  combination  of  the  base  of  an  aerial  fluid,  Oxygen, 
which  forms  the  most  active  principle  of  atmospheric  air. 
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He  traced  the  chemical  agencies  of  this  principle,  and 
framed  a system  seducing  by  its  simplicity,  resting  appa- 
rently on  a just  induction,  supported  by  experiments  dis- 
tinguished by  precision,  and  which,  after  a short  period 
of  animated  discussion,  was  universally  received. 

At  the  close  of  this  period,  Chemistry,  it  was  imagined, 
had  nearly  attained  perfection,  or  at  least  it  was  supposed 
that  little  more  than  insulated  facts  remained  to  be  made 
known.  A short  time  has  been  sufficient  to  demonstrate 
the  narrowness  of  these  views.  The  laws  of  chemical  affi- 
nity, which  had  been  regarded  as  established  by  Bergman, 
have  been  materially  modified  by  the  researches  of  Ber- 
tliollet  •,  views  altogether  novel  have  been  presented,  and 
the  theory  of  chemical  action  rendered  more  precise  in  its 
minute  details.  And  the  acquisition  of  a new  instrument 
of  chemical  analysis,  in  the  power  of  Galvanism,  has  alrea- 
dy, in  the  discoveries  of  Davy,  subverted  or  rendered 
doubtful  much  of  the  established  system,  and  opens  a ca- 
reer of  investigation,  the  limits  of  which  no  imagination 
can  define.  The  science  is  probably  only  in  its  infancy  : 
it  is  at  least  far  distant  from  that  maturity,  if  this  shall 
ever  be  reached,  when  its  ultimate  object  shall  be  attained, 
when  the  real  elements  of  bodies  shall  have  been  detected, 
and  all  their  modifications  traced  : we  know  nothing  of  its 
real  extent ; nor  can  we,  from  our  present  knowledge,  form 
any  just  conception  of  the  stages  of  discovery  through 
which  it  has  to  pass. 
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The  last  object  in  this  introductory  sketch  is  to  state 
the  principles  on  which  the  arrangements  of  Chemistry  are 
formed. 

The  investigations  of  this  science  being  directed  to  the 
actions  which  are  exerted  among  the  particles  of  matter, 
in  consequence  of  which  they  pass  into  new  arrangements 
and  new  states  of  combination,  and  these  actions  arising 
from  the  operation  of  certain  general  forces,  it  obviously 
divides  itself  into  two  great  departments, — the  first  com- 
prising the  investigation  of  the  general  effects  and  laws  of 
these  forces  ; and  the  second  considering  their  operation 
on  individual  substances.  Under  the  former  are  placed 
the  doctrines  of  Attraction,  and  of  its  antagonist  force  Re- 
pulsion, as  produced  by  the  operation  of  heat,  light,  and 
electricity  ; to  the  latter  belongs  the  history  of  the  chemi- 
cal properties,  and  combinations  of  all  known  bodies. 

The  first  of  these  divisions  admits  of  little  diversity  of 
arrangement,  nor  is  it  of  much  importance  in  what  order 
the  subordinate  parts  belonging  to  it  are  placed.  The  se- 
cond presents  much  greater  difficulties,  and  hence  the  nu- 
merous systems  of  chemical  classification  that  have  been 
proposed. 

Two  general  methods  are  suggested  by  the  nature  of 
the  science  itself.  Its  object  is  to  discover  the  composi- 
tion of  bodies,  or,  by  analytic  operations,  to  resolve  them 
into  the  principles  of  which  they  are  composed.  The  ne- 
cessary result  of  such  investigations,  is,  that  substances  are 
arrived  at  beyond  which  the  analysis  cannot  be  carried. 
In  the  theory  of  Modern  Chemistry  these  arc  regarded  n» 
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simple  ; they  are  characterized  by  their  most  striking  pro- 
perties, and  their  combinations  are  investigated. 

Now  it  is  obvious,  that  in  forming  a system  of  chemical 
classification,  we  may,  following  the  synthetic  mode,  as- 
sume these  simple  substances  as  the  basis  of  the  arrange- 
ment, and  place  their  compounds  in  a determinate  order, 
according  to  their  composition.  Or  we  may  follow  the  re- 
verse method  : we  may  arrange  the  substances,  which  are 
presented  to  us  by  nature,  into  orders  founded  on  analo- 
gies in  chemical  properties  ; and  from  the  history  of  such 
of  them  as  are  compounds,  we  may  follow  the  results  of 
analysis,  and  proceed  to  the  history  of  their  more  simple 
principles. 

Since  the  establishment  of  the  system  of  Modern  Che- 
mistry, Chemists  have  in  general  given  the  preference  to 
the  first  of  these,  the  synthetic  mode  of  classification. 
There  is  undoubtedly  some  advantage  in  placing  the  sim- 
ple substances  before  the  compounds  which  they  form,  and 
classifications  on  this  principle  have  a more  scientific 
form. 

Had  Chemistry  attained  maturity,  a perfect  synthetic 
arrangement  might  be  constructed,  which  might  also  per- 
haps be  best  adapted  to  display  the  relations  of  the 
science.  But  while  it  continues  progressive,  this  must  be 
attended  with  such  difficulties  as  to  justify  the  adoption  of 
the  opposite  method. 

The  radical  imperfection  of  any  arrangement  in  which 
certain  substances,  assumed  as  simple  form  the  basis  of  the 
system  is,  that  the  simplicity  of  these  substances  can  never 
be  demonstrated,  and  that  the  progress  of  the  science  ge- 
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nerally  leads  to  the  discovery  that  they  are  compounds. 
They  are  regarded  as  simple,  only  because  we  are  unable 
to  decompose  them  ; but  this  may  arise,  not  from  their  real 
simplicity,  but  from  the  imperfection  of  our  knowledge, 
and  of  our  instruments  of  analysis.'  Their  composition  is 
accordingly  in  general  at  length  discovered,  and  whenever 
this  happens,  the  basis  of  the  classification  is  of  course 
subverted,  and  a new  class  of  substances,  supposed  to  be 
simple,  is  again  to  be  formed.  But  of  the  real  simplicity 
of  these,  we  have  no  better  proof  than  of  the  former  : the 
progress  of  discovery  may,  and  probably  will  prove  them 
to  be  compounds,  and  the  whole  system  must  be  again 
changed.  This  fluctuation  must  continue  until  the  ulti- 
mate principles  of  bodies  are  discovered, — a period  from 
which  Chemistry  is  at  present  far  distant,  and  until  then, 
no  arrangement,  founded  on  these  principles,  can  be 
stable,  but  must  perpetually  fluctuate  with  the  progress  of 
discovery. 

Another  imperfection  which  attends  synthetic  chemical 
arrangements  is,  that  the  student,  in  entering  on  the 
study  of  the  science,  has  presented  to  his  attention  sub- 
stances with  which  he  is  not  familiar,  or  rather  which, 
generally  speaking,  are  unknown  to  him.  It  is  seldom 
that  bodies  occur  in  nature  in  their  state  of  simplici- 
ty ; natural  substances  are  almost  uniformly  compounds ; 
their  elements,  therefore,  cannot  be  generally  known, 
and  the  knowledge  of  them  can  only  be  arrived  at  by 
a long,  and  often  a complicated  train  of  investigation. 
This  difficulty,  too,  must  become  greater  as  the  science  ad- 
vances j for  in  proportion  to  the  extent  to  which  analysis 
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is  carried,  the  ultimate  principles  which  are  discovered 
are  more  remote  from  the  natural  bodies  at  which  the 
analysis  has  commenced.  The  present  state  of  Chemistry, 
were  it  necessary  to  enlarge  on  this  subject  affords  ample 
proof  of  the  justness  of  these  observations  ; the  composi- 
tion of  a number  of  substances,  regarded  as  simple,  having 
been  very  recently  established,  and  their  principles  being 
substances  before  unknown,  and  which  are  capable  of  be- 
ing discovered  only  by  difficult  and  refined  modes  of  in- 
vestigation. 

For  the  reasons  now  stated,  it  has  appeared  to  me  pre- 
ferable to  relinquish  the  strictly  synthetic  mode  of  ar- 
rangement, and  to  adopt  one  the  reverse;  to  take  sub- 
stances as  they  are  presented  to  us  by  nature,  class  them 
from  analogies  in  their  chemical  properties,  and  thus  form 
natural  orders,  the  distinctions  of  which  the  progress  of 
the  science  will  not  subvert.  From  these  we  may  pro- 
ceed, under  each  of  them,  to  the  history  of  their  elements, 
so  far  as  the  analysis  has  been  carried,  and  thus  the  be- 
ginner of  the  study  is  led,  by  the  most  natural  method, 
from  what  is  known  to  what  is  unknown,  and  can  follow 
more  distinctly  all  the  steps  of  the  investigation.  In  con- 
formity to  these  views,  the  arrangement  presented  in  the 
following  table  is  formed. 
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OF  THE  FORMATION  OF  VEGETABLE  COMPOUNDS. 

THE  CHEMICAL  PROPERTIES  AND  RELATIONS  OF 

VEGETABLE  COMPOUNDS. 
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COMPOSITIONS  OF  VEGETABLE  COMPOUNDS. 


OF  ANIMAL  COMPOUNDS. 


OF  THE  FORMATION  OF  ANIMAL  COMPOUNDS. 

— THE  CHEMICAL  PROPERTIES  AND  RELATIONS  OF 
ANIMAL'  COMPOUNDS. 

THE  SPONTANEOUS  CHEMICAL  CHANGES  AND 

DECOMPOSITIONS  OF  ANIMAL  COMPOUNDS. 
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OF  THE  GENERAL  FORCES  PRODUCTIVE  OF 
CHEMICAL  PHENOMENA. 


rpHE  powers  which  operate  in  producing  chemical  ac- 
tion,  are  that  species  of  attraction  which  is  exerted 
at  insensible  distances  between  the  particles  of  matter, 
causing  them  to  pass  into  new  arrangements  and  new 
combinations,  and  certain  forces  of  repulsion,  by  which 
this  attraction  is  counteracted,  and  these  arrangements 
and  combinations  are  modified  or  subverted.  In  proceed- 
ing to  the  consideration  of  these  general  forces,  the  most 
natural  method  appears  to  be  to  place  first  the  doctrines 
of  attraction,  and  after  these  to  consider  the  operation  of 
its  antagonist  powers. 

There  is  some  difficulty,  it  must  be  admitted,  in  con- 
sidering the  general  doctrines  of  Chemistry  before  its  par- 
ticular details  j for  as  these  doctrines  are  inferred  by  gene- 
ralization from  individual  facts,  the  former  cannot  be 
thoroughly  understood,  or  their  evidence  clearly  per- 
ceived, while  the  latter  are  unknown.  Hence  some  Che- 
mists have  proposed  to  reverse  this  method.  But  the  dif- 
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ficulty  is  in  reality  one  unavoidable  in  either  mode  of  ar- 
rangement •,  for  it  is  equally  impossible  to  give  the  chemi- 
cal history  of  a single  substance,  without  supposing  a pre- 
vious knowledge  of  the  general  phenomena  and  laws  of 
chemical  combination.  In  balancing  the  advantages  of 
these  methods,  the  first,  it  appears  to  me,  will  still  claim 
preference.  It  is  possible  to  illustrate  the  geneial  laws 
of  chemical  action  by  examples  from  substances  familiarly 
known,  or  which,  though  unknown,  are  equally  adapted 
to  convey  illustrations  of  abstract  truths ; and  these  laws 
being  established,  they  may  be  developed  and  explained 
more  minutely  from  the  mutual  actions  of  individual  sub- 
stances, while  the  history  of  these  substances  is  given  with 
more  advantage,  and  can  be  rendered  more  complete, 
when  the  general  doctrines  have  been  previously  deliver- 
ed. There  can  scarcely  be  a heavier  task,  or  one  more 
calculated  to  damp  the  ardour  of  study,  than  to  have  to 
acquire  the  insulated  facts  of  a science,  unenlightened  by 
any  knowledge  of  the  principles  which  unfold  their  rela* 
tions. 
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BOOK  I. 

OF  ATTRACTION. 

Attraction  is  a term  employed  in  philosophical  lan- 
guage to  denote  that  power  or  force  by  which  the  masses 
or  particles  of  matter  have  a tendency  to  approach  to  each 
other,  and  to  enter  into  more  or  less  intimate  contact  or 
union.  Different  species  of  attraction  have  been  obser- 
ved, which  give  rise  to  different  phenomena,  and  operate, 
so  far  as  can  be  traced,  according  to  different  laws. 

The  attraction  of  gravitation  is  exerted  at  sensible,  and 
often  at  immense  distances,  and  between  masses  of  the 
greatest  size : its  force,  according  to  the  law  demonstrated 
by  Newton,  being  directly  as  the  mass  or  quantity  of  mat- 
ter, and  inversely  as  the  square  of  the  distance.  The 
magnetic  and  electric  attractions,  though  they  give  rise  to 
peculiar  classes  of  phenomena,  so  far  coincide  witli  the  at-*- 
traction  of  gravity,  as  to  operate  at  sensible  distances,  and 
on  masses  of  matter,  and  even,  as  has  been  attempted  to 
be  demonstrated,  according  to  the  same  law. 

Besides  these,  a species  of  attraction  is  exerted  between 
the  particles  ol  matter,  and  at  distances  generally  insensi- 
ble. This  force,  when  exerted  between  particles  of  the 
same  kind,  is  named  the  Attraction  of  Aggregation  or 
Cohesion  : when  exerted  between  particles  of  different 
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kinds,  it.  is  denominated  Chemical  Attraction,  or  Chemi- 
cal Affinity.  Both  are  concerned  in  the  production  of 
chemical  phenomena,  and  the  latter  is  the  force  on  which 
all  the  combinations  of  matter  depend. 

Both  have  been  supposed  to  be  ultimately  the  same  power  j 
the  differences  in  the  results  of  their  operation  being  re- 
ferred with  much  probability  io  the  difference  of  the  par- 
ticles on  which  they  operate  •,  aggregation  uniting  particles 
of  a similar  kind,  and  therefore  producing,  in  each  case, 
an  aggregate  possessed  of  similar  properties  ; while  chemi- 
cal attraction,  combining  particles  of  different  kinds,  must 
give  rise  to  products  in  which  some  modifications  of  pro- 
perties must  be  the  result.  It  has  even  been  contended, 
that  both  of  these  are  only  modifications  of  that  more  ge- 
neral force  which  is  exerted  at  sensible  distances  between 
the  masses  of  matter ; and  the  apparent  differences  in  the 
laws  wliich  regulate  their  action  from  those  which  gravi- 
tation observes,  have  been  ascribed  to  circumstances, 
which,  in  the  one  case,  operate  powerfully,  while  in  the 
other  they  can  have  little  effect.  In  the  operation  of  con- 
tiguous attractions,  the  figures  of  the  particles  of  bodies 
must,  it  has  been  conceived,  have  an  important  influence ; 
while  the  figures  of  masses  of  matter,  operated  on  at  great 
distances,  can  give  rise  to  no  appreciable  result.  “ Con- 
sidering the  vast  distance,”  says  Bergman,  “ we  may  ne- 
glect the  diameters,  and  look  upon  the  heavenly  bodies,  in 
most  cases,  as  gravitating  points.  But  contiguous  bodies 
are  to  be  regarded  in  a very  different  light  *,  for  the  figure 
and  situation,  not  of  the  whole  only,  but  of  the  parts,  pro- 
duce a great  variation  in  the  effects  of  attraction.  Hence 
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quantities,  which  in  distant  attractions  might  be  neglect- 
ed, modify  the  laws  of  contiguous  attraction  in  a consider- 
able degree.” 

This  question  is  one  which  we  scarcely  can  determine, 
since  we  are  unable  to  estimate  the  force  of  those  modify- 
ing circumstances  which  may  exist  ; and  the  laws  by 
which  these  attractions  act,  instead  of  being  deduced  from 
any  assumption  of  the  law  of  gravitation,  must  in  the  pre- 
sent state  of  the  science  be  inferred  from  observation  and 
experiment. 


CHAP.  1. 

OF  THE  ATTRACTION  OF  AGGREGATION  OR  COHESION. 

Aggregation  has  been  defined,  that  power  which  un- 
ites particles  of  a similar  kind.  We  perceive  its  action 
exemplified  in  a solid  mass  of  matter,  the  parts  of  which 
cohere  with  a certain  force,  which  resists  any  mechanical 
action  that  would  produce  their  separation,  and  which,  in 
different  bodies,  is  exerted  with  very  different  degrees  of 
strength.  In  liquids  it  appears  to  be  weaker,  or  the  parts 
are  disjoined  with  much  more  facility  : and  in  substances 
existing  in  the  aerial  form  it  is  entirely  overcome,  the  par- 
ticles, instead  of  attracting,  repelling  each  other.  Bodies 
exist  therefore  in  the  solid,  the  liquid,  and  the  aeriform 
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state,  according  to  the  force  with  which  the  attraction  of 
aggregation  is  exerted  between  their  particles,  and  it  is 
this  attraction  which  unites  these  particles  together. 

Aggregation  in  bodies  is  weakened  or  overcome  by  two 
causes  ; by  the  repulsion  communicated  by  heat,  or  by 
the  attraction  which  may  be  exerted  by  the  particles  of 
one  body  to  those  of  another. 

Heat  communicated  to  a solid  body  separates  its  par- 
ticles to  greater  distances,  as  is  evident  from  the  enlarge- 
ment of  volume  which  it  produces.  By  thus  increasing 
the  distances,  the  force  with  which  the  attraction  of  ag- 
gregation is  exerted,  is  weakened  : if  the  application  of 
heat  be  carried  to  a sufficient  extent,  it  is  so  far  weakened 
that  the  body  passes  into  the  liquid  form  ; and  it  carried 
still  farther,  the  attractive  force  is  entirely  overcome,  re- 
pulsion is  established  between  the  particles,  and  the  body 
passes  into  the  aeriform  state. 

The  same  effects  are  produced  by  the  exertion  of  that 
attraction  which  unites  the  particles  of  one  body  with  those 
of  another.  If  a liquid,  for  example,  is  poured  on  a solid 
substance,  it  often  happens  that  the  attraction  exerted  by 
the  liquid  to  the  solid  is  sufficiently  powerful  to  subvert  the 
cohesion  of  the  solid  ■,  its  particles  are  disunited  to  combine 
with  those  of  the  liquid,  the  solid  diminishes  in  size,  and 
at  length  entirely  disappears.  This  forms  the  chemical 
process  of  Solution.  A similar  effect  is  sometimes  produ- 
ced by  the  chemical  action  of  an  aeriform  fluid  ; and  in 
some  cases  the  mutual  attraction,  even  of  two  solids,  is 
such  as  to  diminish  the  power  of  cohesion  so  far  as  to  ad* 
mit  of  their  union,  and  their  transition  to  a liquid  state. 
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When  these  powers,  whether  of  heat  or  of  chemical  at- 
traction, are  withdrawn,  cohesion  resumes  its  force ; but 
•with  results  which  are  different,  according  to  the  circum- 
stances under  which  this  happens. 

When  the  attraction  of  aggregation  is  suddenly  exert- 
ed, and  with  considerable  force,  the  particles  are  united  in 
general  indiscriminately,  and  according  to  no  regular  law. 
If  a body  which  has  been  melted  is  suddenly  cooled  to  a 
sufficient  extent,  it  becomes  solid,  without  its  particles 
being  united  in  such  a manner  as  to  produce  any  regular 
structure  or  form.  Or  if  its  cohesion  had  been  suspended 
by  the  chemical  attraction  exerted  by  another  body  to- 
wards it,  and  if  this  attraction  suddenly  cease  to  operate, 
the  force  of  cohesion  is  resumed,  and  the  solid  substance 
appears  usually  in  the  form  of  a powder.  This  latter  case 
forms  the  chemical  operation  of  Precipitation.  A similar 
result  is  obtained,  when,  in  consequence  of  chemical  com- 
bination, a substance  is  rapidly  formed,  between  the  parti- 
cles of  which  the  attraction  of  aggregation  is  exerted  with 
considerable  force. 

But  if  the  attraction  of  aggregation  is  exerted  more 
slowly,  the  particles  on  which  it  operates  are  united  not 
indiscriminately,  but  usually  with  regularity,  so  as  to  form 
masses  of  regular  structure  and  figure,  bounded  by  plane 
surfaces  and  determinate  angles.  This  forms  the  opera- 
tion of  crystallization,  and  such  masses  are  denominated 
Crystals. 

Crystallization  may  take  place  cither  from  a state  of 
fluidity  produced  by  heat,  or  from  a similar  state  produ- 
ced by  the  exertion  of  a chemical  attraction.  Of  the  first 
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we  have  examples  in  ice,  which  shoots  in  long  slender  cry- 
stals, when  water  is  cooled  to  a sufficient  extent,  and  also 
in  a number  of  the  metals  which  have  been  melted,  and 
then  subjected  to  slow  cooling.  Of  the  second  we  have 
examples  in  many  saline  substances,  which,  when  they 
have  been  dissolved  in  water,  concrete  in  crystals,  when 
part  of  that  water  has  been  withdrawn  by  evaporation,  or 
when  its  solvent  power  is  diminished  by  a reduction  of  its 
temperature.  In  any  of  these  cases,  if  the  operation  is 
conducted  slowly,  so  as  to  admit  of  the  particles  uniting 
by  those  sides  most  disposed  to  union,  crystals  are  formed, 
and  these  are  in  general  larger,  more  transparent,  and 
more  regular  in  their  form,  the  slower  the  crystallization 
has  been  allowed  to  proceed. 

The  production  of  these  regular  forms  is  favoured  by 
affording  a nucleus,  from  which  the  crystallization  may 
commence  5 and  still  more  so,  if  this  nucleus  is  of  the  same 
matter  as  the  substance  to  be  crystallized,  and  is  of  a re- 
gular figure : and  on  this  is  founded  a method  of  produc- 
ing crystals  of  great  regularity,  and  of  large  size. 

The  access  of  the  air  has  likewise  an  influence  on  cry- 
stallization ; a solution  of  a salt,  for  example,  which  has 
been  inclosed  while  hot  in  a vessel,  from  which  the  air 
has  been  in  a great  measure  expelled,  not  crystallizing 
when  cold,  but  shooting  into  a congeries  of  crystals,  the 
moment  the  air  is  admitted.  The  sudden  admission  of 
the  air  appears  to  operate  by  the  pressure  it  exerts  on  the 
surface  of  the  liquor,  causing  the  approximation  of  the 
particles  of  the  dissolved  solid,  whence  the  exertion  of  the 
attraction  of  cohesion  is  favoured ; and  hence  any  equiva- 
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lent  pressure  applied  in  a similar  manner  has  the  same  ef- 
fect. 

In  this  sudden  crystallization,  is  very  well  uisplayed  a 
phenomenon,  which  always  attends  this  process,  the  evo- 
lution of  heat. 

An  enlargement  of  volume  is  often  produced  by  cry- 
stallization, as  in  the  example  of  ice,  of  several  metals, 
and  of  a number  of  salts  $ while,  in  other  cases,  the  re- 
verse is  the  case,  the  volume  of  the  crystallized  substance 
being  less  than  while  it  existed  in  the  liquid  state. 

Crystals  formed  from  a watery  solution,  generally  retain 
a portion  of  water  in  a combined  state.  This  is  named 
their  water  of  crystallization  : when  deprived  of  it,  they 
lose  their  transparency  and  density.  Seme  part  with  it 
from  mere  exposure  to  the  air,  and  suffer  these  changes: 
they  are  then  said  to  effloresce : if  they  attract  water  and 
become  humid,  they  are  said  to  deliquesce ; but  these 
properties  of  efflorescence  and  deliquescence  are  rela- 
tive, and  depend  much  on  die  state  of  the  atmosphere  with 
regard  to  humidity. 

By  the  process  of  crystallization,  substances  may  often 
be  obtained  separate  which  exist  in  the  same  solution.  If 
one  is  less  soluble  than  the  other,  it  will  after  a certain 
extent  of  evaporation  crystallize,  while  the  other  remains 
dissolved,  and  may  bo  obtained  by  a subsequent  evapora- 
tion : Or,  if  one  is  more  soluble  in  hot  than  in  cold  water, 
while  the  other  is  nearly  equally  soluble  in  either  state, 
the  one  will  be  obtained  by  crystallization  when  the  liquor 
has  cooled,  while  the  other,  when  the  necessary  degree  of 
evaporation  has  taken  place,  may  separate  while  the  solu- 
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lion  is  hot.  The  mutual  attraction  of  substances  dissol- 
ved together,  sometimes,  however,  counteracts  their  cry- 
stallization, or  causes  each  to  crystallize  with  some  inter- 
mixture of  the  other  ; and  this,  too,  alters  the  crystalline 
forms  which  either  is  disposed  to  assume. 

Crystallization  sometimes  takes  place  in  the  transition 
from  the  aerial  form,  as  is  well  exemplified  in  the  arrange- 
ment of  a flake  of  snow. 

Every  substance  in  crystallizing  is  disposed  to  assume  a 
certain  regular  figure  ; sea  salt,  for  example,  assumes  the 
form  of  a cube  •,  nitre,  that  of  a prism.  This  figure,  how- 
ever, is  not  invariable,  but  is  liable  to  be  modified  by 
circumstances,  and  the  same  substance  is  therefore  found 
nnder  different  crystalline  forms. 

Tire  theory  of  crystallization  is  still  obscure.  The  par- 
ticles of  bodies  may  be  of  certain  regular  figures,  and  in 
uniting,  these  particles  may  be  disposed  to  approach  by 
certain  sides  in  preference  to  others,  probably  by  those 
which  admit  of  the  most  extensive  contact.  Hence  a re- 
gular structure  and  figure,  uniform  with  regard  to  each 
substance,  may  be  produced. 

The  mechanical  structure  of  crystals  has  been  investi- 
gated with  much  labour  by  Hauy.  He  has  shewn  that  in 
every  crystallized  substance,  whatever  may  be  its  actual 
form,  there  is  a nucleus  of  a determinate  figure,  and  which, 
by  mechanical  analysis,  that  is,  by  splitting  the  actual 
crystal  according  to  its  natural  joinings,  may  be  extracted. 
This  nucleus  or  primitive  form,  he  has  shewn,  is  constant 
with  regard  to  each  substance,  however  various  the  actual 
forms  of  its  crystals  may  be  ; and  he  has  farther  explain- 
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ed,  how,  by  additions  of  particles  to  this  nucleus,  accord- 
ing to  certain  laws,  these  secondary  forms  may  be  produ- 
ced. The  development  of  this  theory,  however,  requir- 
ing extensive  details,  and  being  not  strictly  elementary,  I 
may  refer  for  the  statement  of  it  to  my  System  of  Che- 
mistry. 


CHAP.  II. 

v , 

OF  CHEMICAL  ATTRACTION  OR  AFFINITY. 

Chemical  attraction  is  that  force  by  which  the  particles 
of  different  bodies  are  united  intimately,  forming  not  a 
mere  aggregate  or  mixture,  but  a substance  in  which  new 
qualities  are  acquired,  the  properties  of  the  bodies  com- 
bined being  more  or  less  changed.  The  term  affinity  has 
been  used  to  denote  the  same  power,  from  an  opinion, 
that  some  peculiar  relation  or  resemblance  exists  between 
those  bodies,  which  are  most  disposed  to  exert  this  mu- 
tual attractive  force  j and  the  term,  though  derived  from  a 
groundless  hypothesis,  may,  without  any  reference  to  its 
origin,  be  conveniently  used  as  synonymous  with  chemical 
attraction. 

I lie  immediate  result  of  the  exertion  of  chemical  at- 
traction between  two  bodies,  is  the  intimate  union  or  assi- 
milation of  their  particles,  so  as  to  form  a homogeneous 
Vol.  I.  C 
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Blass.  This  result  is  in  chemical  an,  uage  named  Com- 
bination. It  is  to  be  distinguished  from  Mixture,  in  which 
the  particles,  however  intimately  they  may  be  blended, 
still  exist  apart,  so  that  they  are  capable  of  being  recog- 
nised, and  of  being  separated  by  mechanical  operations, 
and  retain  their  properties  unimpaired.  It  is  also  to  be 
distinguished  from  Aggregation , which  is  only  the  union 
of  particles  of  a similar  kind,  forming  an  aggregate  which 
has  the  general  properties  of  the  particles  of  which  it  is 
composed,  whatever  may  be  its  mechanical  structure  or 
form. 

The  substance  formed  by  chemical  combination  is 
named  a Compound:  the  substances  of  which  it  is  com- 
posed are  its  Component  or  Constituent  Parts  or  Princi- 
ples. When  these  are  separated  from  their  state  of  com- 
bination, the  process  is  named  Decomposition.  If  decom- 
position has  been  performed  more  peculiarly  with  the 
view  of  discovering  the  composition  of  a body,  it  is  named 
Chemical  Analysis.  If  the  decomposed  substance  is  repro- 
duced by  the  union  of  its  constituent  parts,  the  operation 
is  denominated  Chemical  Synthesis.  The  Integrant  parti- 
cles of  a body  are  understood  to  be  the  most  minute  parts 
into  which  it  can  be  resolved  without  decomposition  ; they 
are  of  course  similar  to  each  other,  and  to  the  substance 
which  they  form.  The  Constituent  particles , again,  are 
those  into  which  it  is  resolved  by  decomposition,  which 
are  therefore  of  a different  nature,  both  with  regard  to 
the  substance  itself,  and  with  regard  to  each  other.  It  is 
between  these  that  chemical  attraction  is  exerted,  while 
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aggregation  is  conceived  to  be  exerted  between  the  inte- 
grant particles  of  bodies. 

The  theory  of  chemical  attraction  is  still  far  from  ha- 
ving attained  perfection,  though  it  has  been  the  subject  of 
much  investigation.  Newton,  as  has  been  already  stated, 
suggested  the  idea,  that  the  phenomena  of  chemical  com- 
bination and  decomposition  might  be  owing  to  an  attrac- 
tion exerted  between  the  particles  of  bodies,  and  varying 
in  its  force.  This  view  was  soon  adopted  by  chemists. 
The  elder  GeofFroy  endeavoured  to  ascertain  the  relative 
degrees  of  strength  with  which  attraction  is  exerted  a- 
mong  bodies,  and  gave  the  results  under  the  form  of  a ta- 
ble. The  subject  continued  to  be  prosecuted,  until  a num- 
ber of  observations  more  or  less  exact  were  accumulated, 
which  Bergman  reviewed,  and  placed  in  a clearer  light. 
And  more  recently  Bcrthollet  has  by  his  researches  ex- 
tended the  theory  of  affinities,  and  presented  views  with 
regard  to  it  extremely  important,  and  very  different  from 
those  which  had  been  considered  as  established. 

From  these  preliminary  observations  and  definitions, 
we  may  proceed  to  the  more  foil  statement  of  the  doctrines 
of  chemical  attraction,  generalizing  these  as  far  as  the 
present  state  of  our  knowledge  admits. 
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Sect.  I. — Of  the  'Phenomena  which  arise  from  the  exertion 
of  Chemical  Attraction. 

The  immediate  result  of  the  exertion  ot  chemical  at- 
traction between  lx>dies,  is  their  intimate  union  or  com- 
bination, and  the  most  general  phenomenon  attending 
this  combination  is  a change  in  the  properties  ot  the  bo- 
dies combined.  The  secondary  qualities  of  bodies,  de- 
pending on  the  peculiar  arrangements  ot  their  particles,  it 
is  easy  to  conceive  that  when  these  arrangements  are  sub- 
verted, the  properties  must  be  altered,  and  that  in  the 
formation  of  a new  substance  new  qualities  must  be  ac- 
quired. 

Chemical  combination  is  accordingly,  in  general,  at- 
tended with  very  striking  changes  of  properties  ; so  strik- 
ing, indeed,  that  we  can  seldom  infer  with  certainty,  from 
our  knowledge  of  the  properties  of  any  body,  what  will  be 
the  properties  of  the  compound  it  forms  when  united  with 
another. 

Still  the  entire  change  of  properties  from  combination, 
is  not  an  invariable  result.  There  are  many  cases  in 
which  they  are  only  modified;  apd  in  some  cases,  as  for 
example  in  the  combinations  of  salts  with  water,  so  slight- 
ly so,  that  there  is  scarcely  any  evident  change,  but  change 
of  form. 

Berthollet  has  proposed  a view  of  this  subject,  which  in 
some  measure  reconciles  these  apparently  opposite  results. 
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The  properties  of  bodies,  he  supposes,  would  always  re- 
main in  their  combination,  but  for  certain  causes  foreign 
to  the  combination  itself,  by  which  they  are  modified,  and 
in  some  cases  entirely  disguised.  Thus,  there  are  proper- 
ties which  are  incompatible,  different  tastes  or  colours, 
for  example,  which  cannot  exist  together,  and  which  must 
therefore  neutralize  or  modify  each  other.  From  the  ap- 
proximation of  the  particles,  which  is  the  effect  of  combi- 
nation, changes  must  be  produced  too  in  the  secondary  qua- 
lities depending  on  their  arrangement.  The  same  cause 
must  give  rise  to  modifications  of  chemical  properties  j for 
if  in  consequence  of  this  approximation,  much  cohesion  is 
acquired,  this  must  counteract  the  affinities  of  the  princi- 
ples of  the  compound,  and  of  course  render  its  action  less 
energetic  : and,  on  the  other  hand,  if,  by  the  condensation 
attending  chemical  union,  the  bodies  uniting  have  passed 
from  the  aeriform  state  to  the  liquid  form,  this,  by  remo- 
ving the  obstacle  which  elasticity  opposes  to  their  chemi- 
cal action,  may  facilitate  that  action,  and  render  it  more 
extensive  and  powerful.  Lastly,  the  diminution  which  is 
produced  by  the  reciprocal  force  itself  that  unites  two  bo- 
dies, in  the  affinities  which  either  of  them  exert  to  others, 
must  cause  the  chemical  action  of  compounds  to  be  in  ge- 
neral weaker  than  that  of  their  constituent  principles, 
though  this  may  in  certain  cases  be  modified  by  the  other 
causes  which  operate.  Thus  we  perceive,  that  notwith- 
standing the  changes  that  attend  combination,  the  theory 
may  be  just,  that  the  properties  of  bodies  combining,  en- 
ter with  them  into  the  combination,  and  would  always  be 
discoverable  in  the  compound,  were  it  not  for  the  opera- 
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tion  of  modifying  circumstances.  And  we  derive  the  rule, 
which  in  general  will  be  found  to  hold  true,  that  where 
energetic  affinities  are  exerted,  or  where  substances  having 
opposing  properties  are  combined,  the  properties  will  be 
materially  changed  ; but  where  the  affinity  is  not  power- 
ful, and  therefore  the  combination  not  very  intimate,  or 
where  the  substances  combined  are  such  as  agree  in  the 
general  assemblage  of  their  qualities,  the  properties  of  the 
compound  will  not  be  very  remote  from  those  of  its  more 
active  ingredient,  or  from  the  mean  of  those  of  its  consti- 
tuent parts.  Even  in  very  intimate  combinations,  we  can 
often  trace  the  properties  of  compounds  from  those  of 
their  component  parts  ; as,  for  example,  the  high  refractive 
power  of  water,  from  its  inflammable  ingredient, — a pro- 
perty which  led  Newton  to  his  singularly  acute  conjec- 
ture, that  it  contains  an  ingredient  of  that  nature.  The 
comparative  volatility  of  compound  salts,  which  are  form- 
ed of  principles  disposed  to  assume  the  elastic  form,  af- 
fords a similar  example. 

In  those  combinations  in  which  the  changes  of  proper- 
ties are  least  considerable,  there  is  generally  one  change 
to  be  discovered  to  a greater  or  less  extent,  and  which  may 
even  be  regarded  as  a test  of  chemical  union, — a change  of 
density,  the  density  of  the  compound  never  being  the 
mean  of  the  densities  of  its  component  parts.  In  the 
greater  number  of  cases  the  density  is  augmented,  and 
sometimes  to  a great  extent.  In  other  cases,  however,  it  is 
diminished,  or  the  volume  is  enlarged. 

As  in  chemical  combination  the  particles  of  two  bodies 
are  made  to  approximate,  we  might,  expect  that  conden- 
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sation  would  be  always  the  result  •,  and  it  is  not  very  ob- 
vious how  enlargement  of  volume  should  sometimes  be 
produced.  Berthollet  has  very  well  explained  this.  The 
immediate  effect  of  combination  is  in  every  case  condensa- 
tion j but  if  the  consequence  of  the  combination  is,  that  one 
of  tire  bodies  changes  its  form  from  the  solid  to  the  liquid, 
the  enlargement  of  volume  which  attends  this  change  ol 
form  may  more  than  counterbalance  the  condensation 
from  the  combination  and  hence,  on  the  whole,  diminu- 
tion of  density  will  be  the  result.  It  is  accordingly  in, 
cases  of  solution,  or  where  a solid  body  is  acted  on  by  a 
liquid,  so  as  to  be  brought  into,  the  liquid  state,  that  the 
exceptions  to  the  more  general  law  are  observed.  It  must 
be  added,  however,  that  they  are  not  altogether  confined 
to  these,  but  that  sometimes  there  is  enlargement  of  vo- 
lume, even  when  the  compound  exists  in  the  solid  state, 
as  in  the  combinations  of  some  of  the  metals.  When  this 
happens,  it  is  probably  from  a crystalline  arrangement, 
which  the  particles  of  the  solid  assume  in  becoming  solid, 
and  is  similar  therefore  to  the  increase  of  volume  which 
attends  the  congelation  of  various  substances. 

A change  of  temperature,  in  other  words  the  produc- 
tion either  of  heat  or  cold,  is,  next  to  the  change  of  pro- 
perties, the  most  important  phenomenon  attending  chemi- 
cal combination.  The  production  of  heat  is  the  more 
frequent  change : it  is  often  intense,  and  the  great  source 
of  heat  in  the  operations  of  art  is  chemical  combination. 
Cold  is  also,  however,  not  un  frequently  produced.  It  very 
generally  is  the  consequence  of  the  solution  of  saline  sub- 
stances in  water,  or  in  other  more  active  liquids,  and  is 
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still  more  intense  in  the  mutual  action  of  salts,  and  snow 
or  ice. 

Wherever  a production  of  heat  is  observable  in  chemi- 
cal combination,  we  can  trace  an  increased  density  accom- 
panying it ; and  the  evolution  of  heat  may  be  ascribed  to 
this,  since  we  know,  that  the  mechanical  condensation  of 
a compressible  body  produces  heat.  On  the  other  hand, 
where  cold  is  produced  in  chemical  action,  there  is  always 
an  enlargement  of  volume,  to  which,  therefore,  the  cold  may 
be  ascribed.  But  we  do  not  find  that  the  production  ei- 
ther of  heat  or  cold,  from  chemical  action,  is  proportional 
to  the  increase  or  diminution  of  density.  Allowing  the 
latter,  therefore,  to  be  the  cause  of  the  change  of  tempe- 
rature, there  must  be  some  other  circumstance  by  which 
it  is  modified.  This  is  the  change  of  form.  It  is  suffi- 
cient, at  present,  to  state,  that  when  a body  passes  from 
the  aeriform  to  the  liquid  state,  or  from  the  liquid  to  the 
solid  state,  it  gives  out  heat,  and  in  the  opposite  changes 
absorbs  it,  in  quantities  not  proportional  to  the  degree  in 
which  the  density  is  altered  by  the  form  ; and  hence  such 
transitions  of  form,  when  they  accompany  chemical  ac- 
tion, which  they  frequently  do,  modify  the  production  of 
heat  or  cold  which  arise  from  the  condensation  attending 
the  combination  itself.  By  taking  into  consideration  these 
two  circumstances,  the  production  of  heat  or  cold  from 
chemical  action  is  explained  with  more  precision  than  if 
one  of  them  only  were  admitted  in  the  theory  ; and  there 
can  be  no  doubt,  that  both,  when  they  occur,  have  a share 
, in  producing  the  change  of  temperature. 
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Sect.  II. — Of  the  Circumstances  by  which  the  exertion  of 
Chemical  Attraction  is  influenced- 

Chemical  attraction  is  not  an  invariable  force,  which,  as 
exerted  by  any  body,  operates  in  all  cases  with  the  same 
strength.  Its  exertion  is  powerfully  modified  by  circum- 
stances foreign  to  it.  Of  these  we  can  distinctly  trace  the 
influence  of  quantity  of  matter,  cohesion,  insolubility,  spe- 
cific gravity,  efflorescence,  elasticity,  and  temperature. 

1.  Quantity  of  matter.  The  discovery  of  the  in- 
fluence of  this  circumstance  wc  owe  to  Bcrthollet.  Some 
of  the  facts  from  which  it  has  been  inferred  had  been 
known  to  chemists,  and  in  the  explanations  given  of 
these  some  approximations  made  to  the  principle  itself. 
By  Bcrthollet,  however,  it  has  been  more  fully  developed, 
more  clearly  demonstrated,  and  more  extensively  applied. 

The  most  direct  proof  of  the  law  is  derived  from  the 
fact,  that  a compound  may  be  decomposed  if  a large  quan- 
tity of  a substance  exerting  an  attraction  to  one  of  its 
principles  be  made  to  act  upon  it,  while  from  the  action  of 
a smaller  quantity  of  the  same  substance  no  decomposition 
ensues.  Of  this  there  are  many  examples  in  chemistry, 
particularly  in  the  decompositions  of  compound  salts. 

Another  proof  of  it  is,  that  a substance  having  an  affi- 
nity to  one  of  the  principles  of  a compound,  comparative- 
ly weaker  than  the  affinity  which  they  exert  to  each  other, 
can  still  produce  at  least  a partial  decomposition  of  the 
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compound,  if  it  be  brought  to  act  on  it  in  large  quantity 
the  increase  in  its  quantity  in  some  measure  compensating 
for  the  weakness  of  its  affinity. 

Lastly,  what  is  in  strict  conformity  to  the  same  law,  if 
a compound  is  submitted  to  the  action  of  a substance,  ex- 
erting an  attraction  to  one  of  its  principles,  even  much 
stronger  than  the  attraction  which  unites  them,  still  the 
decomposition  is  only  partial,  or  a portion  of  the  principle 
abstracted  by  the  decomposing  substance  remains  combin- 
ed with  the  ingredient  with  which  the  entire  quantity  of 
it  was  combined  in  the  compound  ; for,  in  proportion  as 
the  decomposition  goes  on,  the  increase  in  the  relative 
quantity  of  that  ingredient  adds  so  much  to  the  force  of  the 
attraction  it  exerts  to  the  principle  abstracting  from  it, 
as  to  be  able  to  counterbalance  the  attraction  producing 
the  decomposition,  and  therefore  to  suspend  its  action. 
Hence  there  is  a partition  of  the  substance  attracted,  be- 
tween the  two  bodies  exerting  attractions  towards  it-,  and 
the  proportions  of  this  partition  are  determined  as  much 
by  the  differences  in  the  quantities  of  these,  as  by  the  dif- 
ference of  energy  in  their  affinities. 

From  these  general  facts,  which  arc  supported  by  nu- 
merous individual  experiments,  Berthollet  has  established 
the  law,  that  affinity  is  modified  by  quantity  of  matter,  or, 
more  precisely,  that  the  chemical  action  of  anv  body  is 
exerted  in  the  ratio  of  its  affinity  and  quantity.  It  is  one 
of  much  importance  in  its  applications,  enabling  us  to  ex- 
plain with  more  precision  many  cases  of  chemical  combi- 
nation and  decomposition  and  illustrating  the  operation 
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of  some  of  the  other  circumstances  which  influence  chemi- 
cal attraction. 

2.  Cohesion.  Cohesion  is  that  force  by  which  the  in- 
tegrant particles  of  a body  are  held  in  union  : it  must 
therefore  counteract  the  action  of  any  power,  the  tendency 
of  which  is  to  separate  these  particles,  in  order  to  bring 
them  into  new  arrangements  or  combinations.  Hence  it 
powerfully  modifies  the  exertion  of  chemical  attraction ; 
and  from  the  opposition  of  these  two  forces,  in  different  de- 
grees of  energy,  arise  numerous  shades  of  combination, 
more  or  less  intimate,  as  the  one  predominates  over  the 
other,  from  the  mere  adhesion  of  the  surfaces  of  bodies,  or 
the  absorption  of  a liquid  into  the  interstices  of  a solid,  to 
the  most  perfect  chemical  union.  If  cohesion  be  power- 
ful, a sti'ong  affinity  may  be  effectually  resisted,  and  no 
combination  take  place,  though  the  bodies  have  a strong 
reciprocal  attraction,  of  which  we  have  many  examples  in 
chemistry.  If  cohesion  be  inconsiderable,  a weak  affinity 
may  be  predominant,  and  a combination  be  effected.  And 
whatever  diminishes  the  force  of  aggregation,  favours  the 
exertion  of  chemical  attraction. 

From  the  influence  of  this  circumstance  in  counteract- 
ing combination,  bodies  in  the  solid  state  seldom  act  chemi- 
cally on  each  other,  whence  the  axiom  was  established  in 
Chemistry,  Corpora  non  agunt  nisi  sint  solula.  To  tins 
there  are  exceptions,  as  in  the  action  of  various  compound 
salts  on  each  other,  producing  mutual  decomposition, 
though  both  arc  solid,  or  in  the  action  of  some  of  these 
salts  on  ice  or  snow,  even  at  very  low  temperatures.  Yet 
“till,  in  general,  fluidity  is  necessary  to  chemical  action ; and 
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if  not  possessed  by  either  of  the  bodies  which  are  design- 
ed to  act  on  each  other,  it  is  necessary  that  it  should  be 
communicated,  either  by  the  application  of  heat,  or  by  the 
previous  operation  of  a solvent.  Hence  fusion  and  solu- 
tion are  the  common  media  of  chemical  action. 

Cohesion,  existing  in  liquids  to  a certain  extent,  may 
counteract  their  mutual  attraction  where  this  is  weak, 
though  in  general  the  resistance  it  opposes  is  so  incon- 
siderable, that  liquids  combine  readily,  and  in  all  propor- 
tions. 

To  these  views,  with  regard  to  the  effect  of  cohesion  on 
combination,  Berthollct  has  added  some  others,  more 
novel,  and  equally  important.  He  regards  it  not  mere- 
ly as  a quality  of  bodies  actually  solid  (or  remaining  in  a 
slight  degree  in  liquids)  resisting  the  exertion  of  affinity, 
and  ceasing  to  act  when  solidity  is  destroyed ; but  as  a 
force  which  continues  to  operate  when  it  has  been  appa- 
rently overcome,  or  when  its  effects  are  not  sensible,  and 
which,  by  a progression  in  its  action,  may  at  length  in- 
fluence combination.  It  may  be  suspended  by  a superior 
affinity,  or  by  the  agency  of  heat ; and  its  energy  may  be 
so  far  subdued  as  to  appear  negative  •,  but  still  it  continues 
so  far  active,  that  if  the  forces  by  which  it  was  weakened 
are  diminished,  its  action  will  be  exerted  even  before  soli- 
dity takes  place,  and  will  counteract  affinity.  Or  if,  in 
consequence  of  new  affinities,  combinations  arc  produced, 
it  may  determine  the  proportions  in  which  the  elements 
are  combined  ; for  being  exerted  between  the  integrant 
particles  resulting  from  the  combination,  whenever  its  in- 
tensity is  sufficiently  powerful  to  counterbalance  the  affilii- 
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ty  of  the  liquid  in  which  these  are  formed,  it  will  give  rise 
to  precipitation  or  crystallization,  will  of  course  withdraw 
the  substance  formed  from  the  sphere  of  action,  will  op- 
pose an  obstacle  to  any  further  exertion  of  chemical 
power,  and  by  such  operation  may  determine  the  pro- 
portions of  the  combination.  This  effect,  resulting  from 
cohesion,  will  require  to  be  stated  more  fully  in  consider- 
ing the  limits  to  the  exertion  of  attraction. 

3.  Insolubility.  This  property  is  merely  the  effect  of 
cohesion  in  a solid,  considered  in  relation  to  the  liquid  in 
which  it  is  exerted,  and  of  course  its  operation  is  similar. 
It  opposes  a resistance  to  the  exertion  of  any  attraction 
towards  the  body  possessed  of  it,  and  it  is  an  obstacle 
to  the  progress  of  combination,  beyond  that  stage  at 
which  the  insolubility  withdraws  the  substance  formed 
from  the  sphere  of  attraction.  It  equally  favours  decom- 
position, when,  in  consequence  of  it,  a substance,  separated 
from  a combination,  is  separated,  and  ceases  to  counter- 
act the  action  of  the  decomposing  substance. 

4.  Specific  gravity.  Much  difference  of  specific  gra- 
vity in  two  bodies  is  an  obstacle  to  their  mutual  union, 
since  it  is  a cause  favouring  their  separation,  and  of  course 
a more  powerful  affinity  is  required  to  produce  their 
union,  than  if  such  a difference  did  not  exist. 

5.  Efflorescence.  The  operation  of  this  circum- 
stance, in  influencing  chemicul  action,  is  comparatively 
trivial,  yet  it  sometimes  can  be  traced.  In  mixtures  of  saline* 
substances,  a substance  evolved  or  formed  by  their  mutual 
decomposition  sometimes  rises  on  the  surface  in  a loosely 
aggregated  mass  or  congeries  of  minute  crystals,  forming 
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s^hat  is  named  an  Efflorescence.  It  is  thus  withdrawn, 
from  the  action  of  the  other  substances,  and  this  may  con- 
tribute to  the  progress  of  the  decomposition,  or  allow  it  to 
become  more  complete.  Its  influence  has  accordingly 
been  observed  in  some  important  cases,  particularly  in  the 
decomposition  of  sea-salt  by  calcareous  matter,  and  the 
production,  both  natural  and  artificial,  of  carbonate  of 
soda. 

6.  Elasticity.  The  property  of  elasticity  is  possess- 
ed, in  such  a degree,  as  to  influence  chemical  action  only 
by  substances  in  the  aerial  form.  In  that  form,  the  par- 
ticles of  a body  are  mutually  repellent;  and  they  are  thus 
placed  at  great  distances  from,  each  other.  When  two 
aeriform  bodies,  therefore,  are  presented  to  each  other, 
their  particles  are  at  distances  too  great  to  admit  of  the 
exertion  of  chemical  attraction,  so  as  to  bring  them  into 
intimate  union.  Hence  elasticity  is  generally  an  obstacle 
to  chemical  combination.  In  some  cases  where  the  mu- 
tual attraction  is  strong,  it  is  overcome,  and  two  aeriform 
bodies  combine  together  ; but  more  generally  the  reverse 
is  the  case,  or  the  attraction  does  not  operate. 

In  conformity  to  this  view,  those  circumstances  which 
repress  elasticity  favour  the  combination  of  clastic  fluids. 
Mechanical  pressure,  strongly  and  suddenly  applied,  Causes 
different  aeriform  bodies  to  combine.  The  application  of 
cold,  especially  when  aided  by  pressure,  has  a similar  ef- 
fect. What  appears  singular,  heat  often  gives  rise  to  the 
same  result ; its  operation,  however,  which  is  afterwards 
, to  be  considered,  may  be  reconciled  perhaps  to  this  prill* 
ciple. 
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In  the  combination  of  an  elastic  fluid  with  a body  not 
possessed  of  elasticity,  as  a liquid,  as  the  obstacle  to  their 
union  is  in  part  removed,  it  generally  takes  place  more 
readily,  at  least  to  a certain  extent.  Still,  however,  the 
elasticity  operates,  and  places  limits  to  the  quantity  of  the 
aeriform  body  which  the  liquid  absorbs.  Hence  this 
quantity  is  increased  by  whatever  counteracts  this  force, 
as  by  the  application  of  pressure.  Cold  has  a similar  ef- 
fect, though  the  operation  of  this  is  in  some  measure 
counteracted  by  the  cohesion  it  communicates  to  the  li- 
quid ; and  if  this  is  carried  so  far  as  to  produce  solidity, 
the  absolution  of  the  aeriform  body  is  not  only  counter- 
acted, but  the  quantity  which  had  been  absorbed  is  often, 
at  the  moment  of  congelation,  disengaged.  In  this  way 
we  can  account  for  the  fact,  which  otherwise  appears  ano- 
malous, that  the  application  of  heat,  especially  if  sudden 
and  intense,  often  .favours  the  combinations  of  aeriform 
with  solid  substances  ; the  diminution  which  the  heat  oc- 
casions in  the  cohesion  of  the  solid,  more  than  counter- 
balancing the  augmentation  of  elasticity  in  the  other. 

Since  elasticity  in  general  counteracts  combination,  it 
may  easily  be  understood  that  it  will  favour  decomposi- 
tion. If  a compound  consist  of  a solid  ingredient,  and  of 
another,  which,  when  uncombined,  exists  in  the  aerial 
torm,  it  will  be  less  difficult  of  decomposition,  either  by  the 
application  of  heat,  or  by  the  action  of  another  substance 
upon  it,  than  if  it  were  composed  of  two  non-elastic 
bodies.  If  exposed  to  heat,  the  clastic  ingredient,  being- 
disposed  to  acquire  the  state  of  elasticity,  its  affinity  to  the 
other  is  weakened,  and  it  is  at  length  expelled.  Or,  if  the 
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compound  be  submitted  to  the  action  of  a substance  which 
exerts  an  affinity  to  its  non-elastic  ingredient,  this,  in  con- 
formity to  the  usual  law,  weakens  the  affinity  exerted  be- 
tween this  and  the  other  ingredient,  and  allows  a portion 
of  the  latter  to  assume  the  elastic  form.  This  again  being 
thus  withdrawn  from  the  sphere  of  action,  opposes  no  re- 
sistance to  the  action  of  the  substance  by  which  it  was  dis- 
placed, and  therefore  does  not  counteract  the  progress  of 
the  decomposition.  Hence  the  decomposition  of  such 
compounds  is  in  general  more  complete  than  that  of  those 
composed  of  inelastic  substances,  the  substance  excluded 
in  the  latter  still  continuing  to  act  in  opposition  to  the  one 
by  which  it  has  been  displaced,  and  the  substance  to 
which  both  exert  an  affinity  remaining  in  combination 
with  portions  of  each  of  them. 

7.  Temperature.  Much  of  the  effect  of  temperature, 
or  the  state  of  bodies  with  regard  to  heat  and  cofa  on 
chemical  action,  is  to  be  ascribed  to  the  operation  of  some 
of  the  preceding  causes,  and  particularly  to  the  changes 
which  these  states  occasion  in  cohesion  and  elasticity. 
Being  in  general  complicated,  however,  and  giving  rise  to 
peculiar  results,  it  requires  to  be  considered  apart. 

The  application  of  ljeat  usually  favours  chemical  com- 
bination, there  being  numerous  examples  where  two 
bodies  do  not  combine  at  a low  temperature,  but  enter  in- 
to combination  when  their  temperature  is  raised. 

When  the  combination  of  solid  substances  is  favoured  . 
by  heat,  the  result  is  obviously  to  be  ascribed  to  the  dimi- 
nution which  the  heat  produces  in  the  state  of  cohesion, 
this  removing  an  obstacle  to  the  exertion  of  their  mutual 
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affinity.  Where  it  favours  the  combination  of  a solid 
with  a fluid,  or  even  with  an  aeriform  body,  as  it  fre- 
quently does,  its  operation  is  still  similai',  the  cohesion  of 
the  solid  being  weakened,  and  the  resistance  which  that 
cohesion  opposes  to  the  combination  of  its  particles  with 
those  of  the  other  substance  being  so  far  removed. 

In  this  case,  however,  the  result  is  rendered  more  com- 
plicated by  the  circumstance,  that  while  the  heat  dimi- 
nishes the  cohesion  of  the  one  ingredient,  it  increases  the 
elasticity  of  the  other.  This  sometimes  counteracts  the 
combination,  especially  where  the  mutual  affinity  is  not 
strong.  ' 

A very  peculiar  fact,  and  which  appears  at  the  first 
glance  not  to  accord  with  these  views,  is,  that  heat  fa- 
vours the  combination  of  elastic  fluids  with  each  other. 
If  two  bodies  in  the  aeriform  state  are  mingled  together, 
it  often,  indeed,  generally  happens,  that  no  combination 
takes  place.  But  if  heat  be  suddenly  applied,  as,  for  ex- 
ample, if  a burning  body  or  an  ignited  spark  be  intro- 
duced into  the  mixture,  they  instantly  combine.  Here 
the  result  appears  altogether  anomalous : the  obstacle  to 
the  combination  of  substances  in  the  aerial  form  is  their 
elasticity,  and  the  distances  at  which,  in  consequence  of 
this,  their  particles  are  placed.  By  applying  heat,  this  is 
inci  eased,  and  the  combination,  instead  of  being  facili- 
tated, it  might  be  supposed  would  be  counteracted. 

Is  the  following  hypothesis  adequate  to  the  solution  of 
this  difficulty  ? When  an  ignited  spark  is  introduced  into 
the  mixture,  the  space  on  which  it  falls  has  heat  commu- 
nicated to  it,  whence  an  expansion,  proceeding  from  that 
Vol.  I.  d 


50  OF  CHEMICAL  ATTRACTION 

space,  is  produced  \ and  this  expansion,  by  the  pressure  iv 
must  occasion  on  the  surrounding  particles,  will  cause 
them  to  approximate,  and  thus  to  unite.  The  whole  ef- 
fect is  instantaneous,  and  it  is  on  this  that  it  depends. 
Were  the  heat  to  be  slowly  applied,  and  gradually  raised, 
it  would  be  diffused  through  the  whole  mixture,  and  the 
particles  would  be  merely  separated  to  greater  distances. 
But  a single  point  being  heated  to  a high  degree,  while 
the  surrounding  particles  remain  at  theii  usual  tempeia- 
ture,  the  expansion  from  the  former  must  press  on  the 
latter  suddenly,  and  more  quickly  than  the  heat  can  be 
communicated.  These,  therefore,  instantly  approximate 
within  the  space  at  which  chemical  attraction  is  excited^ 
and  their  union  is  effected.  The  result  ot  the  combina- 
tion is  a farther  evolution  of  heat,  successively  but  lapidly 
taking  place,  which  produces  a similar  effect  on  the  con- 
tiguous particles,  until  the  combination  is  complete,  T.  here 
are  some  cases,  however,  in  which  so  little  heat  is  cxtu- 
cated,  that  the  introduction  of  a single  spark  is  insufficient, 
and  therefore  a succession  of  sparks  must  be  applied. 

The  application  of  heat,  in  particular  cases,  favours  de- 
composition as  well  as  combination.  Where,  of  the  sub- 
stances combined,  one  is  more  disposed  than  the  other  to 
pass  into  the  elastic  form,  this  tendency  is  favoured  by  a 
high  temperature,  and  frequently  so  much  so,  that  their 
mutual  affinity  is  overcome,  and  decomposition  ensues. 
By  a similar  operation,  heat  aids  the  decomposition  of 
such  compounds,  by  the  affinity  exerted  by  a third  sub- 
stance to  the  more  fixed  ingredient,  and  it  often  promotes 
the  mutual  decomposition  of  two  compounds,  favouring 
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the  union  of  the  two  more  volatile  ingredients,  and  thus 
allowing  the  attraction  between  the  ingredients,  which  are 
comparatively  fixed,  to  operate  with  effect. 

In  all  cases,  then,  in  which  heat  favours  chemical  ac- 
tion, it  does  so  by  the  changes  it  occasions  in  the  cohe- 
sion, or  in  the  elasticity  of  the  bodies  concerned ; but  these 
often  modify  each  other,  and  hence  it  often  gives  rise  to 
apparently  opposite  results ; it  is  therefore  only  by  con- 
sidering it  in  relation  to  both,  that  we  obtain  a just  theory 
of  its  operation. 

The  same  view  is  to  be  taken  of  the  operation  of  cold. 
By  diminishing  elasticity,  it  sometimes  favours  combina- 
tion ; and  in  other  cases,  by  increasing  cohesion,  it  may 
counteract  this,  and  give  rise  to  decomposition.  Or  the 
one  of  these  effects  may  modify  the  other,  and  thus  give 
rise  to  results,  which,  wore  the  joint  action  not  attended 
to,  would  appear  anomalous. 


From  the  influence  of  the  circumstances  by  which  chemi- 
cal attraction  is  counteracted,  the  corollary  follows,  that  it 
cannot  be  affirmed  in  any  case  that  bodies  have  no  attraction 
to  each  other.  There  are  many  examples  in  which  bodies 
do  not  combine,  as  in  the  familiar  one  of  oil  and  water  ; 
but  it  is  obvious,  that  since  combination  is  in  no  case  the 
simple  result  of  the  exertion  of  attraction,  but  always  of 
attraction  prevailing  over  cohesion,  elasticity,  or  specific 
gravity,  we  cannot  affirm,  from  combination  not  taking 
place,  that  no  mutual  attraction  exists.  All  that  can  be 
inferred  is,  that  the  attraction  is  not  sufficiently  strong  to 
overcome  the  opposing  forces.  It  is  dilficidt  to  conceive 
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of  attraction  otherwise,  than  as  a force  with  which  every 
particle  of  matter  is  endowed,  and  which  is  exerted  to 
every  other ; and  the  theory  is  evidently  superior,  which 
supposes  this  power,  in  particular  cases,  to  be  prevented 
from  being  efficacious,  by  the  interference  of  extraneous 
forces,  to  that  which  supposes,  that  between  certain  sub- 
stances it  is  altogether  wanting,  especially  since  in  all 
cases  the  action  of  such  forces  can  be  demonstiated,  at 
least  to  a certain  extent,  which  may  be  sufficient  to  ac- 
count for  the  result. 

From  the  influence,  too,  of  these  circumstances,  com- 
bined with  the  admission  that  all  bodies  have  mutual  at- 
tractions, it  follows,  as  a probable  conclusion,  that  the  af- 
finities exerted  by  compounds  are  merely  the  affinities  of 
their  constituent  principles,  modified  by  the  circumstances 
under  which  they  are  exerted.  It  is  no  doubt  ti  ue,  that 
the  affinities  exerted  by  the  compound  are  often  extreme- 
ly different  from  those  of  its  elements : it  combines  with 
substances  to  which  they  appear  to  have  no  atti  action, 
and  it  refuses  to  unite  with  others  witli  which  they  form 
intimate  combinations.  But  this  may  be  expected  from 
the  very  different  conditions  under  which  they  operate, 
and  it  is  perhaps  possible  to  point  out  how  they  may  be 
diversified  by  circumstances^  the  influence  of  which  is  un- 
doubted. 

Thus,  from  the  affinity  which  one  of  the  elements  of  a 
compound  exerts  to  the  other,  the  affinities  of  either  to 
other  substances  must  be  so  far  counteracted,  and  hence 
the  cause  of  what  is  generally  the  case,  the  attractions  ex- 
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€i*ted  by  a compound  being  less  powerful  than  those  of  its 
constituent  parts. 

This,  however,  may  be  modified  by  other  circumstances 
attending  the  combination,  which  may  either  concur  with 
it,  and  still  farther  weaken  the  affinities  of  the  compound, 
or  which  may  counteract  it,  and  render  them  even  more 
energetic.  Thus,  if  a substance,  by  combination,  pass 
from  the  solid  to  the  liquid  state,  it  acquires  the  advan- 
tages derived  from  fluidity,  and  its  affinities,  formerly 
counteracted  by  its  cohesion,  may  now,  notwithstanding 
some  diminution  which  they  suffer  from  the  combination, 
be  exerted  with  more  effect.  Or,  if  elastic  substances  by 
combination  form  a liquid,  the  advantage  gained  from 
this  condensation  and  removal  of  elasticity  may  more  than 
counterbalance  the  diminution  of  force  from  combination, 
and  may  render  their  affinities  more  extensive  and  more 
powerful.  Or  the  reverse  of  these  modifications  may  hap- 
pen. If  the  result  of  a combination  be  the  transition  of  a 
substance  from  the  liquid  to  the  solid  state,  the  cohesion 
acquired  will  add  to  the  diminution  of  its  affinity  from  the 
combination  itself ; or  if  an  aeriform  compound  be  pro- 
duced,  the  elasticity  of  this  may  concur  with  the  effect  of 
the  combination  in  weakening  the  energy  of  its  action. 

With  these  views,  many  facts  in  the  details  of  Chemis- 
try strictly  correspond,  and  they  afford  some  happy  expla- 
nations of  chemical  phenomena.  Affinities  thus  modified, 
Berthollet  has  named  Resulting,  to  distinguish  them  from 
the  affinities  of  the  immediate  principles  of  a compound, 
which,  in  contradistinction,  lie  names  Elementary.  The 
anomalous  cases  of  chemical  attraction,  which  have  been 
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placed  together  under  the  name  of  Disposing  Affinity,  ap- 
pear to  belong  to  the  same  class,  and  principally  to  arise 
from  the  modifications  produced  in  elementary  affinities  by 
combination. 


Sect.  III. — Of  the  Limits  to  the  Exertion  of  Chemical 

Attraction. 

Chemical  attraction  obeys  certain  limits  ; first,  with  re- 
gard to  the  relative  quantities  in  which  it  causes  bodies  to 
combine,  and,  secondly,  with  regard  to  the  number  of  sub- 
stances between  which  it  may  be  exerted,  so  as  to  bring 
them  into  simultaneous  combination. 

First,  In  the  greater  number  of  combinations,  there  are 
limits  to  the  attraction  exerted,  with  regard  to  relative 
quantity ; or  the  bodies  are  not  always  combined  in  inde- 
finite quantities,  but  often  only  in  determinate  propor- 
tions. Under  this  general  proposition,  several  classes  of 
facts  may  be  arranged. 

Is/,  There  are  cases  in  which  two  bodies  can  be  com- 
bined together  only  in  one  proportion,  and  if  an  excess 
of  either  ingredient  of  the  compound  be  present,  it  re- 
mains uncombined,  with  its  properties  unchanged.  The 
constituent  principles  of  water  afford  an  example  of  this. 

2 dly,  Attraction  is  frequently  exerted  between  two  bo- 
dies, as  to  combine  them  in  two,  in  three,  or  even  in  four 
proportions  •,  but  these  are  always  determinate,  so  that  in 
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'the  intermediate  proportions  no  combination  is  establish- 
ed. These  combinations  give  rise  to  compounds  which 
differ  entirely  in  their  properties  from  each  other,  the  dif- 
ferences being  frequently  as  great  as  if  they  were  formed 
of  principles  altogether  different.  From  this  cause  prin- 
cipally arise  the  diversities  in  the  properties  of  the  sub- 
stances belonging  either  to  the  animal  or  vegetable  king- 
dom, these  consisting  in  general  of  the  same  principles, 
united  only  in  different  proportions. 

Sdly,  Combination  is  sometimes  unlimited  to  a certain 
extent,  but  when  this  is  reached  it  is  arrested.  Water, 
for  example,  will  dissolve  any  quantity  of  a salt  up  to  a 
certain  proportion ; but  when  this  has  been  combined  with 
it,  the  mutual  attraction  ceases  to  operate  with  effect,  and 
no  larger  quantity  can  be  dissolved.  The  limitation  of 
combination  in  this  case  is  named  Saturation ; and  when 
the  water  has  dissolved  the  largest  quantity  of  the  salt 
which  it  can  dissolve,  it  is  said  to  be  saturated  with  it. 

Lastly , There  are  cases  of  combination  absolutely  unli- 
mited, or  in  which  bodies  unite  in  every  proportion. 
This  is  observed  to  happen  principally  in  the  combination 
of  liquids  with  each  other,  where  the  compound  retains 
the  liquid  form. 

When  combination  takes  places  in  determinate  propor- 
tions, it  generally  happens  that  there  is  one  proportion  in 
which  the  properties  of  the  bodies  combining  are  mutual- 
ly lost  or  neutralized  the  distinctive  properties  of  neither 
ingredient  appearing  in  the  compound  ; while  in  the  pro- 
portions different  from  this,  the  properties  of  the  ingre- 
dient which  is  in  excess  may  be  recognised,  weakened  on- 
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ly  to  a certain  extent.  The  stage  of  the  combination  at 
which  this  happens  is  named  the  point  of  Neutralization, 
and  sometimes  the  point  of  Saturation.  The  latter,  how- 
ever, is  more  properly  employed  in  the  sense  already 
pointed  out,  as  denoting  the  extreme  of  combination  ; and 
the  term  Neutralization  is  preferable,  as  signifying  that 
state  in  which  the  properties  of  the  bodies  are  mutually 
lost  or  neutralized. 

It  is  a question  of  some  interest  and  importance,  to 
what  causes  these  varieties  of  combination  are  to  be  a- 
reribed  ; and  it  would  be  satisfactory  to  reduce  them  to  one 
general  principle.  This  has  been  attempted  by  Berthol- 
let,  and  though,  from  the  difficulty  of  the  subject,  some 
obscurity  is  attached  to  it,  his  views  are  probably  just. 

The  principle  of  his  theory  is,  that  affinity  is  a force  al- 
ways disposed  to  operate  on  bodies,  and  to  unite  them  in 
all  proportions  ; that  any  limits  opposed  to  its  exertion  a- 
rise  from  external  forces,  cohesion,  elasticity  and  others, 
by  which  it  is  influenced,  and  that  it  is  only  by  the  ope- 
ration of  these  that  determinate  proportions  are  establish- 
ed. 

We  find  the  preceding  general  facts  in  a great  mea- 
sure to  accord  with  this  principle.  Thus,  where  these  ex- 
ternal forces  do  not  operate,  as  in  the  mutual  action  of 
two  liquids,  the  compound  remaining  liquid,  the  combi- 
nation is  unlimited  with  regard  to  proportion.  When  co- 
hesion or  elasticity  is  present  in  the  subjects  of  the  combi- 
nation, as  in  the  action  of  a liquid  on  a solid,  or  in  the 
absorption  of  an  aeriform  substance  by  a liquid,  these 
forces  limit  the  quantity  of  the  solid  that  can  be  dissolved, 
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plained,— the  affinity  producing  the  combination  becom- 
ing weaker  as  the  combination  proceeds,  while  the  cohe* 
sion  of  the  remaining  solid,  or  the  elasticity  of  the  un ab- 
sorbed air,  continues  as  at  first,  and  therefore  an  equili- 
brium must  be  arrived  at,  when  the  combination  will 
cease.  Up  to  that  period  it  may  take  place  in  indetex*- 
minate  proportions ; but  when  it  is  reached,  a limit  is 
placed,  beyond  which  it  cannot  proceed.  Lastly,  When, 
in  the  progress  of  combination,  the  result  in  any  part  of 
it  is  great  condensation,  this,  by  the  obstacle  it  may  op- 
pose to  the  exertion  of  affinity,  or  eveix  from  the  greatness 
of  the  condensation,  by  withdrawing  the  product  from  the 
sphere  of  action,  may  limit  the  combination  to  that  point, 
or  to  the  proportion  at  which  this  effect  is  greatest  •,  or  if, 
by  particular  circumstances,  this  is  overcome,  in  the  fur- 
ther progress  of  the  combination  it  may  again  happen  j 
and,  in  this  way,  compounds,  in  two  or  three  determinate 
proportions,  may  be  formed. 

Precisely  an  opposite  view  has  sometimes  been  main- 
tained of  chemical  combination,  that  it  is  an  attribute  of 
the  power  of  affinity  itself  to  unite  bodies  in  determiixate 
pi'oportions.  And  this  principle  has  lately  been  applied 
with  some  novelty  by  Mr  Dalton  and  Dr  Wollaston. 
They  proceed  on  the  assumption,  that  when  bodies  com- 
bine chemically,  they  are  disposed  to  unite  in  determinate 
proportions ; and  the  combination  is  either  a binary  one, 
that  is,  consists  of  one  atom  or  particle  of  the  oixe  body, 
combined  with  one  of  the  other,  or  where  the  two  bodies 
combine  in  different  proportions,  the  combination  in  one 


OF  CHEMICAL  ATTRACTION 


-proportion  is  probably  binary,  and  in  the  others  in  certain 
arithmetical  relations,  as  that  of  two  atoms  with  one, 
three  with  one,  &c.  With  this  principle  Mr  Dalton  has 
connected  a system,  relating  to  the  weights  of  the  atoms 
of  bodies,  and  has  applied  it  to  the  explanation  of  the 
constitution  of  a number  of  chemical  compounds. 

Much  of  this,  system  is  hypothetical,  and,  with  regard  to 
the  principle  itself,  it  appears  irreconcilable  with  the  law 
of  chemical  affinity  so  well  established,  that  bodies  act 
chemically  in  the  ratio  of  their  affinity  and  quantity  ; for, 
if  combination  take  place  in  determinate  proportions,  if 
one  atom  of  a is  disposed  to  combine  with  one  atom  only 
of  b,  what  farther  force  can  be  gained  from  the  presence 
of  a number  of  particles  of  b ? While,  if  bodies  act  in  the 
ratio  of  their  affinity  and  quantity,  their  power  of  combi- 
nation, unless  arrested  by  external  circumstances,  must  be 
unlimited ; for  the  action  of  a number  of  particles  of  the 
one  body  is,  by  the  very  supposition,  held  capable  of  be- 
ing extended  to  one  particle  of  the  other,  and  there  is  no 
point  at  which  it  ceases  to  operate. 

The  question,  therefore,  rests  on  the  evidence  with  re- 
gard to  these  principles.  And  from  the  numerous  facts 
which  support  the  conclusion,  that  quantity  of  matter  in- 
fluences affinity,  there  can  remain  little  doubt  of  the  truth 
of  the  principle  itself,  and  of  the  superiority  of  the  system 
which  rests  upon  it.  This  system,  too,  accords  better 
with  the  general  train  of  chemical  facts,  than  the  opposite 
one,  that  chemical  attraction  has  a tendency  to  unite  the 
particles  ol  bodies  in  determinate  proportions. 
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Secondly , Chemical  attraction  observes  certain  limits, 
with  regard  to  the  number  of  substances  which  it  com- 

o 

bines  together.  It  not  only  unites  two  substances  ; it  fre- 
quently brings  three  or  more  into  combination. 

When  three  substances  are  placed  within  the  sphere  of 
chemical  action,  it  often  happens,  either  that  two  of  them 
combine,  to  the  exclusion  of  the  third,  or  that  one  is  com- 
bined with  each  of  the  others,  being  divided  between  them 
in  proportions  determined  by  their  affinities  and  quantities. 
In  some  cases,  however,  instead  of  either  of  these  varieties 
of  combination,  the  three  substances  have  their  affinities 
balanced,  in  such  a manner  that  they  enter  into  simulta- 
neous combination,  and  form  only  one  compound.  Even 
four,  five,  or  perhaps  more  substances,  may  be  thus  com- 
bined together.  Such  combinations  are  named  Ternary, 
Quaternary,  &c.  according  to  the  number  of  their  consti- 
tuent parts. 

There  are  numerous  examples  of  such  combinations  a- 
mong  the  metals.  If  three  or  four  metals  be  fused  toge- 
ther, they  often  unite,  and  form  one  uniform  compound. 
There  are  also  frequent  examples  of  ternary  combinations 
among  the  salts,  one  acid  being  saturated  by  the  joint  ac- 
tion of  two  bases.  Nature,  too,  presents  us  with  a num- 
ber of  such  combinations.  Nearly  all  the  substances  be- 
longing to  the  vegetable  kingdom  are  compounds  of  at 
least  three  principles  •,  and  the  composition  of  the  animal 
products  is  still  more  complicated,  four  or  five  principles 
being  combined  in  their  formation. 

These  combinations  appear  to  take  place  principally 
where  the  mutual  attractions,  under  given  circumstances, 
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are  nearly  of  the  same  force,  and  where  the  external  for- 
ces of  cohesion,  &c.  do  not  much  interfere.  Did  the  at- 
traction of  one  ingredient  to  any  of  the  others  much  ex- 
ceed their  mutual  affinities,  it  would  probably  give  rise  to 
an  insulated  binary  compound ; or  did  the  compound  re- 
sulting from  the  union  of  any  two  of  the  ingredients  dif- 
fer much  in  its  constitution  from  those  formed  by  the 
others,  this  circumstance  would  determine  the  chemical 
action,  and  cause  the  separation  of  such  a compound.  But 
where  neither  of  these  circumstances  is  present,  the  affi- 
nities may  be  balanced,  and  give  rise  to  one  combination. 
Hence,  probably,  their  formation  more  peculiarly  in  the 
vessels  of  vegetables  and  animals,  where,  from  the  motion 
and  agitation  to  which  they  are  subjected,  the  compres- 
sion under  which  they  are  placed,  and  the  smallness  of  the 
mass  in  which  the  affinities  operate,  the  circumstances  of 
cohesion  and  elasticity  are  in  a great  measure  prevented 
from  operating,  and  giving  rise,  as  they  otherwise  would 
do,  to  binary  combinations. 


Sect.  IV. — Of  the  Forces  with  which  Chemical  Attraction 

is  exerted . 

Bodies  exerting  attractions  to  others,  exert  them  with 
very  different  degrees  of  force  •,  and  from  this  arises  a 
series  of  important  chemical  changes. 

From  the  attraction  exerted  by  one  substance  to  ano- 
ther, their  combination  takes  place.  But  this  attraction 
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may  be  inferior  in  force  to  the  attraction  which  either  of 
these  substances  exerts  to  a third  body.  In  this  case,  if 
this  body  be  brought  to  act  on  the  compound  which  the 
others  have  formed,  it  will  decompose  it ; the  two  which 
exert  to  each  other  the  strongest  attraction  will  combine, 
and  the  third  will  be  separated.  Hence  arise  an  exten- 
sive series  of  decompositions  ; and  hence,  too,  is  derived 
the  power  of  the  Chemist  to  recover,  in  an  insulated  state, 
substances  which  have  been  combined  together,  as  well  as 
to  obtain  the  principles  of  which  natural  compounds  are 
formed. 

The  case  now  explained  has  been  named  Single  Elec- 
tive Attraction, — a substance  combining  with  another  ap- 
parently in  preference  to  a third.  It  was  usually  suppo- 
sed that  this  combination  is  exclusive,  and  that  the  sub- 
stance which  is  displaced  is  obtained  pure  and  insulated. 
In  many  cases,  however,  it  has  been  discovered,  that  in 
conformity  to  the  law  of  chemical  attraction,  that  bodies 
act  in  the  ratio  of  their  affinity  and  quantity,  the  excluded 
substance  retains  a portion  of  the  one  with  which  it  was 
originally  combined ; and  in  other  cases  it  attracts  a por- 
tion of  the  decomposing  substance.  It  is  only  where  the 
external  circumstances,  especially  cohesion  and  elasticity, 
which  influence  chemical  affinity,  operate  powerfully,  that 
complete  decomposition  is  produced. 

When  this  difference  in  the  relative  forces  of  attrac- 
tion was  observed,  it  was  a very  obvious  idea  to  construct 
fables  in  which  they  might  be  represented,  as  far  as  they 
were  ascertained  by  experiment.  This  was  first  done  by 
Geoffroy,  a French  chemist,  in  1718,  and  since  his  time 
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the  labours  of  many  chemists  have  been  directed  towards" 
correcting  and  extending  these  tables.  Their  construction 
is  extremely  simple.  The  substance  whose  attractions  are 
to  be  enumerated,  is  placed  at  the  head  of  a column,  and 
the  substances  to  which  it  has  attractions  are  placed  be- 
neath it,  in  the  order  of  their  relative  forces,  the  substance 
to  which  it  has  the  strongest  attraction  being  immediately 
under  it,  the  others  following  in  that  order,  and  the  one  to 
which  it  has  the  weakest  attraction  of  course  closing  the 
column.  Thus  the  attractions  of  lime  and  of  muriatic 
acid  are  represented  in  the  following  tables  : 


Lime. 

Muriatic  Acid. 
/ 

Oxalic  acid. 

Barytes. 

Sulphuric  acid. 

Potash. 

Tartaric  acid. 

Soda. 

Phosphoric  acid. 

Lime. 

Nitric  acid. 

Ammonia. 

Muriatic  acid. 

Magnesia. 

There  is  another  case  of  elective  attraction,  more  com- 
plicated. Suppose  we  have  a compound  formed  by  the 
union  of  A and  B,  in  which  the  force  of  attraction  is  equal 
to  20,  and  that  to  this  compound  another  substance,  C,  is 
added,  which  has  an  attraction  to  A,  equal  to  16-,  it  is 
evident  that  no  decomposition  can  ensue.  But  suppose  a 
fourth  substance,  D,  is  united  to  C,  w'ith  an  attraction  e- 
qual  to  7 , and  suppose  that  D has  an  attraction  to  B equal 
to  12,  then  a decomposition  must  be  effected  on  mixing 
these  two  compounds ; for  the  sum  of  their  existing  at- 
tractions is  inferior  to  the  sum  of  those  tending  to  sepa  * 


OR  AFFINITY". 


6$ 


rate  them ; the  former,  the  affinity  of  A to  B and  the  affi- 
nity of  C to  D,  being  equal  only  to  27 ; the  latter,  the  affi- 
nity of  C to  A and  of  D to  B,  being  equal  to  28.  A B, 
C,  D therefore,  are  decomposed,  and  two  new  compounds, 
C A,  B D,  are  formed. 

This  is  what  is  named,  in  the  language  of  Chemistry, 
Double  Elective  Attraction  ; two  elective  attractions  being 
exerted,  and  two  new  compounds  formed.  Of  the  two  at- 
tractions which  are  exerted,  the  tendency  of  the  one  is  to 
preserve  the  original  compounds  undecomposed,  that  of 
the  other  is  to  separate  their  principles.  The  former  have 
been  named  by  Mr  Kirwan  the  Quiescent,  the  latter,  the 
Divellent  Attractions, — terms  which  are  generally  used.  It 
is  evident,  that  a double  decomposition  can  only  be  effect- 
ed, where  the  sum  of  the  divellent  is  superior  to  that  of 
the  quiescent  attractions. 

To  l'epresent  more  clearly  and  concisely  what  passes  in 
these  complicated  attractions,  diagrams  have  been  con- 
structed. The  idea  seems  first  to  have  occurred  to  Dr 
Cullen.  The  one  he  proposed  was,  that  of  two  cylinder/, 
crossing  each  other  at  the  middle. 


A B 
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If  on  mixing  the  compounds  denoted  by  A C,  B D,  the 
attractions  of  A to  B,  and  of  C to  D,  overcome  the  quies- 
cent attractions,  AC,  B D ; the  resulting  decomposition 
is  represented,  by  supposing  the  extremities  A B,  CD, 
of  the  cylinders  to  be  brought  together  •,  by  which  also 
the  production  of  the  two  new  compounds  will  be  denoted 
by  the  conjunction  of  these  letters. 

The  diagram  proposed  by  Bergman,  consists  of  two 
brackets  connected  by  straight  lines,  forming  a square,  at 
the  sides  and  corners  of  which,  the  names  of  the  existing 
compounds,  and  of  their  ingredients,  are  placed ; and 
though  not  conveying  a more  clear  idea  of  the  operation 
itself,  is  better  calculated  to  represent  all  the  circumstan- 
ces connected  with  it. 


Muriate  of  Potash. 

A 


Potash 


32  Muriatic  acid 


Sulphate 

of  62 
Potash. 


20=82  /> 


Muriate 

of 

Lime. 


54.' 

Sulphuric  acid  — 
86 


Lime 


Sulphate  of  Lime. 
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Thus  in  the  scheme  which  Bergman  himself  gives,  if 
the  two  compounds,  named  Sulphate  of  Potash,  and  Mu- 
riate of  Lime,  the  former  consisting  of  sulphuric  acid  and 
potash,  the  latter  of  muriatic  acid  and  lime,  be  mixed  to- 
gether, a double  decomposition  takes  place,  and  two  new 
compounds,  muriate  of  potash,  and  sulphate  of  lime,  are 
formed.  This  is  represented  by  placing  on  the  outer  sides 
of  the  two  brackets  the  names  of  the  two  compounds  mix- 
ed, and  at  the  corners  of  the  brackets,  the  names  of  their 
ingredients,  so  disposed  that  the  one  acid  shall  be  diago- 
nally opposite  to  the  other.  If  the  numbers  expressing 
the  relative  force  of  attractions  of  the  principles  of  these 
compounds  be  also  added,  it  will  be  obvious  that  a decom- 
position will  ensue.  If  the  attraction  between  potash  and 
sulphuric  acid  equal  62,  and  that  between  lime  and  muria- 
tic acid  20,  the  sum  of  the  quiescent  attractions  will  be  82. 
But  if  the  attraction  between  potash  and  muriatic  acid  be 
32,  and  that  between  sulphuric  acid  and  lime  54,  the  sum 
of  the  divellent  attractions  will  be  86.  These,  therefore,  will 
operate  with  effect ; the  muriatic  acid  and  the  potash  will 

v 

combine  together,  as  will  the  sulphuric  acid  and  the  lime ; 
and  the  names  of  these  resulting  compounds,  muriate  of 
potash  and  sulphate  of  lime,  are  placed  without  the  straight 
lines,  by  which  the  brackets  are  connected. 

To  represent  a single  elective  attraction,  the  same  figure 
is  used,  with  one  bracket,  as  in  this  diagram. 


E 
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Nitiic  Acid. 


Nitrate 

of  \ 18  A 
Potash. 


Potash  20  Sulphuric  Acid. 


Sulphate  of  Potash. 


Where  the  quiescent  attractions  are  superior  to  the  di- 
vellent,  and  where  of  course  no  decomposition  takes  place, 
the  scheme  consists  of  two  unconnected  brackets,  with  the 
names  of  the  compounds  at  each  side,  and  of  their  ingre- 
dients at  each  corner  ; the  numbers,  denoting  the  forces  of 
attraction,  being  interposed. 

In  these  decompositions  it  frequently  happens,  that  one 
or  both  of  the  new  compounds  prove  insoluble,  and  conse- 
quently fall  down.  This  is  denoted  by  bending  downwards 
in  the  middle,  the  line  placed  between  the  substance  and 
the  square,  as  in  diagram  2,  where  the  undermost  line  is 
bent  down  to  shew  that  the  Sulphate  of  Lime  is  precipi- 
tated. If  one  of  the  substances  be  volatilized  or  sublimed, 
the  line  is  bent  upwards  in  the  middle,  as  in  diagram  3, 
where  the  upper  line  is  drawn  in  this  manner,  to  shew 
that  the  Nitric  Acid  is  volatilized.  If  they  arc  neither 
precipitated  nor  volatilized,  the  brackets  are  merely  con- 
nected by  straight  lines. 
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Lastly,  tlie  circumstances  under  which  the  decomposi- 
tion takes  place,  require  to  be  pointed  out.  Sometimes 
it  is  effected  by  the  substances  being  dissolved  by  water, 
sometimes  by  the  application  of  heat  to  them  in  the  solid 
state.  Bergman  distinguished  these  decompositions  in  the 
humid  and  in  the  dry  way,  by  inserting  in  the  middle  of 
the  diagram  a triangle,  A,  which  was  the  old  chemical  mark 
for  fire,  to  denote  that  the  decomposition  was  effected  in 
the  dry  way,  or  by  the  application  of  heat ; and  an  invert- 
ed triangle,  v,  the  mark  for  water,  to  point  out  when  it  was 
done  in  a watery  solution.  The  same  method  is  still  used, 
the  signs  only  having  been  changed,  a perpendicular  line  | 
being  the  mark  for  heat,  and  the  compound  figure,  j,  for 
water.  To  facilitate  the  construction  of  such  diagrams, 
all  the  chemical  agents  have  likewise  been  distinguished 
by  particular  symbols. 

Such  arc  the  doctrines  of  single  and  double  elective  at- 
traction, as  they  were  delivered  by  Bergman,  and  until 
lately  received  by  chemists.  A different  view  has  been 
given  by  Berthollet  of  these  changes,  which  it  is  necessary 
to  explain. 

In  Bergman’s  theory,  affinity  is  regarded  as  an  invari- 
able force  •,  and  the  decompositions  ascribed  to  elective  at- 
traction are  considered  as  depending  on  the  various  de- 
grees of  intensity  with  which  this  force  is  exerted  by 
each  body  towards  others.  In  the  theory  of  Berthollet,  the 
changes  are  referred  to  the  operation  of  those  circumstan- 
ces by  which  attraction  is  influenced.  If  the  substances 
which  in  any  case  of  complex  affinity  act  on  each  other  be 
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liquid,  or  be  soluble  in  the  fluid,  which  is  the  medium  of 
action,  and  if  the  compounds  they  form  in  any  stage  of 
combination  have  no  great  cohesion  or  insolubility,  no 
evident  change  appears  when  they  are  mixed  together ; 
there  is  a mutual  saturation,  and  the  opposing  substances 
remain  united,  forming  a combination,  in  which  the  forces 
are  balanced.  But  if,  on  any  of  the  parts  of  such  a com- 
bination, the  force  of  cohesion  or  insolubility,  or  the 
power  of  elasticity  operate  with  energy,  these  external 
forces  subvert  the  balance,  give  rise  to  separations,  and 
are  hence  the  cause  of  the  results  which  were  ascribed  to 
the  predominance  of  divellent  over  quiescent  affinities. 

Thus,  if  four  substances  are  presented  to  each  other, 
two  of  which  have  a greater  tendency  to  cohesion  than 
the  others,  or  which  form  a compound  of  sparing  solubili- 
ty, instead  of  the  whole  forming  one  combination,  the  two 
which  form  the  insoluble  compound  will,  from  the  influ- 
ence of  cohesion,  combine  together,  and  be  separated  by 
precipitation  or  crystallization,  the  other  two  remaining 
in  combination  and  in  solution.  And  if  even  these  four 
substances  were  previously  in  the  reverse  binary  combina- 
tions, the  same  extraneous  force  will  cause  an  exchange  of 
principles,  or  the  phenomena  which  have  been  ascribed  to 
elective  affinities  will  be  produced.  The  case  is  the  same 
where  three  substances  are  presented  to  each  other.  If 
the  combination  of  two  of  them  give  rise  to  a substance, 
of  sparing  solubility,  or  having  a strong  tendency  to  cohe- 
sion, this  circumstance  will  determine  their  union,  and  the 
separation  of  the  insoluble  compound,  instead  of  the  ba- 
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lance  of  affinities  which  would  otherwise  have  been  the  re* 
suit. 

In  other  cases,  the  power  of  elasticity  interferes  and 
gives  rise  to  similar  effects,  especially  where  heat  is  ap- 
plied. An  elastic  ingredient,  in  what  has  been  named 
.Single  Elective  Attraction,  will,  from  this  cause,  be  more 
easily  displaced  ; and,  in  double  elective  attractions,  it  will 
determine  the  combination  of  the  two  opposing  substances 
which  are  most  disposed  to  assume  the  elastic  form. 

In  this  theory  of  complex  affinity,  as  Berthollet  denomi- 
nates what  used  to  be  termed  Elective  Attraction,  there  is 
piobably  much  that  is  just ; and  it  accords  well  with  many 
facts  relating  to  these  decompositions.  There  is  still, 
however,  some  degree  of  doubt  with  regard  to  the  princi- 
ple on  which  it  rests  ; and  the  subject  would  require  a dis- 
cussion too  abstruse  to  be  admitted  into  this  elementary 
view. 

Iliere  is  no  problem  in  chemistry,  the. solution  of  which 
would  be  more  important,  than  that  with  regard  to  the 
absolute  forces  of  attractions  which  bodies  exert.  That 
they  differ  in  force,  as  exerted  by  each  body  to  a series  of 
others,  is  sufficiently  evident;  the  difficulty  is  to  discover 
their  degrees  of  strength.  Were  these  accurately  known, 
many  of  the  deductions  of  the  science  would  rest  on  cal- 
culation ; but  the  solution  has  hitherto  been  very  imper- 
fectly obtained. 

Several  of  the  methods  on  which  the  solution  has  been 
attempted,  rest  on  false  principles.  Guyton,  observing  that 
different  metals  adhere  to  the  surface  of  quicksilver  with 
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different  degrees  of  force,  supposed  that  these  might  indi- 
cate their  respective  affinities  to  that  metal,  a method  not 
only  limited  as  to  the  possibility  of  its  execution,  but  in- 
accurate, inasmuch  as  the  adhesion  denotes  merely  the  fa- 
cility of  combination,  which  depends  as  much  on  the  co- 
hesion of  the  metals  as  on  their  attractive  powers.  W ou- 
zel had  supposed  that  the  quantity  of  a body  dissolved  in 
a given  time  by  another,  affords  a measure  of  the  foi  ce  of 
the  affinity  exerted, — a principle  equally  defective,  since  the 
rapidity  of  combination  depends  not  merely  on  the  affini- 
ty, but  on  this  modified  by  the  other  circumstances  which 
influence  chemical  action.  Neither  can  any  results  con- 
nected with  the  facility  of  decomposition  of  compounds 
afford  any  certain  indications,  since  these  are  equally  de- 

t 

pendent  on  the  same  circumstances. 

Mr  Kirwan  observed  a connection  between  the  affinities 
of  bodies  and  the  quantities  of  them  required  to  neutralize 
the  properties  of  other  substances  with  which  they  com- 
bine ; and  Berthollet,  correcting  and  extending  his  views, 
has  advanced  the  principle,  that  the  power  possessed  by  a 
body,  of  neutralizing  the  properties  of  another,  is  the  re- 
sult of  the  strength  of  its  affinity  to  that  body,  and  may 
therefore  be  regarded  as  a measure  of  it;  the  affinity  of 
any  substance  to  another  being  more  powerful,  as  a given 
weight  of  it  can  neutralize  a greater  quantity  of  that 
other.  To  discover,  therefore,  the  forces  of  affinity,  as 
exerted  by  different  bodies,  it  is  only  necessary  to  deter- 
mine the  quantities  required  to  produce  neutralization  in 
those  with  which  they  combine. 
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On  this  principle,  Berthollet  has  indicated  the  order  of 
die  affinities  of  the  principal  acids,  and  of  the  bases  which 
they  neutralize ; and  this  order  is  very  different  from 
that  inferred  from  the  known  series  of  decompositions. 
This,  indeed,  is  no  just  objection  against  the  theory ; for 
these  decompositions  arising  from  the  operation  of  other 
forces  besides  that  of  affinity,  there  are  no  grounds  to  in- 
fer that  they  shall  correspond  with  the  real  scale'  of  the 
forces  of  attraction.  There  is  some  reason  to  doubt,  how- 
ever, whether  the  principle  is  altogether  just ; and,  even 
if  it  were,  the  investigation  is,  in  the  present  state  of  our 
knowledge,  attended  with  such  difficulties,  that  the  results 
are  far  from  being  certain.  At  the  end  of  this  chapter 
will  be  found  tables  representing  the  quantities  of  the  prin- 
cipal acids  and  bases  necessary  to  produce  reciprocal  sa- 
turation. 

! rom  the  observations  that  have  been  made  under  this 
and  some  of  the  other  sections,  it  must  be  apparent  that 
the  relative  forces  of  affinity,  as  represented  in  the  com- 
mon tables  of  elective  attraction,  are  altogether  inaccurate. 

1 hey  represent  only  a series  of  decompositions,  which 
arise  from  the  operation  of  circumstances  which  influence 
attraction,  as  much  as  from  differences  in  the  strength  of 
attraction  itself.  Nor  do  they  even  express  the  order  of 
these  decompositions  with  accuracy;  since  the  influence  of 
quantity,  which  so  materially  modifies  tine  results,  has 
been  neglected.  They  are  therefore  of  less  utility  than 
lias  been  believed.  As  they  may  be  condensed,  however, 
in  a short  space,  and  may  sometimes  be  consulted,  they 
may  be  added  in  concluding  the  statement  of  the  doctrines 
of  chemical  attraction. 
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TABLE  OF  AFFINITIES. 


Carbon 
Zinc 
ron 
Iydrogen 
Vlanganese 
Cobalt 
Nickel 
Lead 
Tin 

Phosphorus 

Copper 

Bismuth 

Antimony 

Quicksilver 

Arsenic 

Sulphur 

Gold 

Silver 

Platina 

Muriatic  Acid 


Uranium 

Molybdena 

Tungstei? 

Cobalt 

Antimouy 

Nickel 

Arsenic 

Chrome 

Bismuth 

Lead 

Copper 

Tellurium 

Platina 

Mercury 

Silver 

Gold 


II* *. 

OXYGEN. 


Titanium 
Mapganese 
Zinc 
1 ron 
Tin 


III. 

NITROGEN. 


Oxygen 

Hydrogen 


IV. 

HYDROGEN. 


Oxygen 

Sulphur 

Carbon 

Phosphorus 

Nitrogen 


V. 

CARBON. ' 

Oxygen 

ron 

rlydrogen 


VI. 

SULPHUR. 


Oxygen 

Potash 

Soda 

Iron 

Copper 

Tin 

Lead 

Silver 

Bismuth 

Antimony 

Quicksilver 

Arsenic 

Molybdena 

Tellurium 


Potash 

Soda 

,inie 

Ammonia 
M agnesia 
Zircon 


VII. 

sulphuret- 
ted HYDRO- 
GEN. 


Barytes 


VIII. 

AM  MONIA, 
POTASH,  AND 

Soda. 

Acids 

Sulphuric 
Nitric 
Muriatic 
Fluoric 
Phosphoric 
Oxalic 
Tartaric 
Arsenic 
Succinic 
Citric 
Benzoic 
Acetic 

Saccho-lactic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
Prussic 


C 


1/3 


* This  is  Vauquelin’s  table  of  the  affinities  of  oxygen  for  metals,  found- 
ed on  the  difficulty  with  which  their  oxides  are  decomposed  by  heat. 
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Water 

XI. 

Prussic 

XVI 1. 

Oil 

LIME. 

Sulphur 

SULl’IlURIC 

Sulphur 

Acids 

Oxalic 

XIII. 

AUG  II.. 

ACID. 

IX. 

Barytes 

BARYTES.  ' 

Sulphuric 

Stroritites 

Tartaric 

Acids 

Potash 

Acids 

Succinic 

Sulphuric 

Soda 

Sulphuric 

Phosphoric 

Nitric 

Lime 

Oxalic 

Saccho-lactic 

Muriatic 

Magnesia 

Succinic 

Nitric 

Fluoric 

Ammonia 

Fluoric 

Phosphoric 

Saccho-lactic 

Nitric 

Muriatic 

Fluoric 

Arsenic 

Citric 

Arsenic 

Oxalic 

Tartaric 

Phosphoric 

Argil 

Metallic  Oxides 

XVIIL 

Muriatic 

Citric 

Benzoic 

Acetic 

Acetic 

Tartaric 

Boracic 

XIV. 

SU  EPHU  ROUS 

A rsenic 

Sulphurous 

SI  LEX. 

ACID. 

Benzoic 

Nitrous 

Barytes 

Acetic 

Carbonic 

Fluoric  Acid 

Boracic . 
Sulphurous 

Prussic 

Sulphur 

Potash 

Strontites 

Lime 

Potash 

Nitrous 

Carbonic 

XV. 

ACIDS  NITRIC 

XII. 

Soda 

Magnesia 

Ammonia 

Prussic 

MAGNESIA. 

& NITROUS. 

Sulphur 

Acids 

Oxalic 

Potash 

Soda 

Argil 

X. 

Metallic  Oxides 

STRONTITES. 

Phosphoric 

Barytes 

Acids 

Sulphuric 

Stroritites 

Sulphuric 

Fluoric 

Lime 

XIX. 

Oxalic 

Arsenic 

Magnesia 

phosphoric 

Tartaric 

Saccho-lactic 

Ammonia 

ACID. 

Fluoric 

Nitric 

Muriatic 

Succinic 

Nitric 

Muriatic 

Argil 

Metallic-Oxides 

Lime 
Bar)  tcs 

Succinic 

Tartaric 

XVI. 

Strontites 

Phosphoric 

Citric 

ACIDS  MUKIA- 

Magnesia 

Acetic 

Benzoic 

TIC  & OXY- 

Potash 

Arsenic 

Acetic 

MURIATIC. 

Soda 

Boracic 

Boracic 

\mrnon  a 

Carbonic 

Sulphurous 

The  same  as  in 

Argil 

Sulphur 

Carbonic 

NO.  15. 

Metallic  Oxides 
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XX. 

XXV. 

Soda 

baccno-lactic 

CARBONIC 

TARTARIC 

Ammonia 

Phosphoric 

ACID. 

ACID, 

A me 

Nitric 

. 

— 

Magnesia 

Arsenic 

Barytes 

The  same  as  in 

Argil 

Fluoric 

Strontites 

NO.  19. 

MetallicOxides 

Tartaric 

Lime 

Citric 

Fixed  Alkalies 

XXVI. 

XXXI. 

Acetic 

Magnesia 

CITRIC  ACID. 

PRUSSIC  ACID. 

Succinic 

Ammonia 

— 

Prussic 

Argil 

Lime 

3otash 

Carbonic 

MetallicOxides 

Barytes 

Soda 

Ammonia 

XXI. 

Potash 

Lime 

XXXIV. 

FLUORIC  ACID. 

Soda 

barytes 

OXIDE  OF 

Ammonia 

Strontites 

PLATINA. 

The  same  as  in 

Argil 

Magnesia 

NO.  ]0. 

MetallicOxides 

Argil 

iTther 

MetallicOxides 

A rids 

XXII. 

XXVII. 

Muriatic 

BORACIC  ACID. 

BENZOIC  ACID. 

XXXLI. 

Nitric 

— 

OXIDE  OF 

Sulphuric 

Tbe  same  as  in 

The  same  as  in 

GOLD. 

Arsenic 

NO.  19- 

NO.  26. 

— 

Fluoric 

T artnric 

XXIII. 

XXVIII. 

Acids 

Phosphoric 

ARSENIC  ACID. 

SUCCINIC 

Muriatic 

Oxalic 

ACID. 

Nitric 

Citric 

Lime 

Sulphuric 

Acetic 

Barytes 

The  same  as  in 

Arsenic 

Succinic. 

Strontites 

NO.  26'. 

Fluoric 

Magnesia 

Tartaric 

XXXV. 

Potash 

XXIX. 

Phosphoric 

0X1 DE  OK 

Soda 

SACCliO*  LACTIC 

Prussic 

QUICKSILVER. 

Ammonia 

ACID. 

Fixed  Alkalies 

— 

Argil 

Ammonia 

Acids 

MetallicOxides 

The  same  as  in 

Muriatic 

NO.  26'. 

XXXIII. 

Oxalic 

\ Y I V 

Surrimc 

OXALIC  ACID. 

XXX. 

SILVER. 

Phosphoric 

ACETIC  ACID. 

A rsenic 

The  same  as  in 

— 

Acids 

Sulphuric 

NO.  19. 

Barytes 

Muriatic 

Saccho-lactic 

Potash 

Oxalic 

Tartaric 

Sulphuric 

Citric 
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Nitric 

Fluoric 

Acetic 

Boracic 

Citric 

Acetic 

Boracic 

Prussic 

Prussic 
Carbonic 
Fixed  Alkali 

Carbonic 

Ammonia 

XLII. 

XL. 

OXIDE  OF 

Prussic 

Carbonic 

Carbonic 

OXIDE  OF 
COBALT. 

XXXVIII. 

OXIDE  OF 

ZINC. 

XXXVI. 

The  same  as  in 

OXIDE  OF 
COPPER. 

TIN 

Acids 

Oxalic 

NO.  41. 

Acids 

XLII  I. 

Sulphuric 

Acids 

Tartaric 

Muriatic 

OXIDE  OF 

Oxalic 

Muriatic 

Saccho-lactic 

MANGANESE. 

Tartaric 

Sulphuric 

Nitric 



Muriatic 

Oxalic 

Tartaric 

Acids 

Sulphuric 

Arsenic 

Phosphoric 

Oxalic 

Saccho-lactic 

Phosphoric 

Citric 

Tartaric 

Nitric 

Nitric 

Succinic 

Citric 

Arsenic 

Succinic 

Fluoric 

Fluoric 

Phosphoric 

Fluoric 

Arsenic 

Phosphoric 

Succinic 

Saccho-lactic 

Acetic 

Nitric 

Fluoric 

Citric 

Boracic 

Sulphuric 

Citric 

Acetic 

Prussic 

Muriatic 

Acetic 

Boracic 

Carbonic 

Arsenic 

Boracic 

Prussic 

Prussic 
Fixed  Alkali 
Ammonia 

Ammonia 

Acetic 

Carbonic 
Fixed  Alkali 

XLI. 

OXIDE  OF 

XLIV. 

OXIDE  OF 

Ammonia 

XXXIX. 

NICKEL. 

ARSENIC. 

ii  ■■  ■ 

XXXVII. 

LEAD. 

Acids 

Acids 

OXIDE  OF 

Oxalic 

Muriatic 

IRON. 

Acids 

Muriatic 

Oxalic 



Sulphuric 

Sulphuric 

Sulphuric 

Acids 

Saccho-lactic 

Tartaric 

Nitric 

Oxalic 

Oxalic 

Nitric 

Tartaric 

1 artaric 

Arsenic 

Phosphoric 

Phosphoric 

Sulphuric 

Tartaric 

Fluoric 

Fluoric 

Saccho-lactic 

Phosphoric 

Saccho-lactic 

Saccho-lactic 

Muriatic 

Muriatic 

Succinic 

Succinic 

Nitric 

Nitric 

Citric 

Citric 

Phosphoric 

Fluoric 

Acetic 

Arsenic 

Arsenic 

Citric 

Arsenic 

Acetic 

Fluoric 

Acetic 

Boracic 

Prusssic 

Succinic 

Boracic 

Prussic 

Ammonia 
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XLV. 

Phosphoric 

XL1X. 

LI  1 . 

OXIDE  OF 

Citric 

OXIDE  OF 

VOLATILE 

BISMUTH. 

Succinic 

URANIUM. 

OILS. 

Fluoric 

Acids 

Arsenic 

\cids 

/Ether 

Oxalic 

Acetic 

Sulphuric 

Vlkohol 

Arsenic 

Boracic 

Muriatic 

Fixed  Oil 

Tartaric 

Prussic 

Nitric 

Fixed  Alkalies 

Phosphoric 

Carbonic 

Phosphoric 

Sulphur 

Sulphuric 

Sulphur 

Acetic 

— 

Muriatic 

Prussic 

Fill. 

Nitric 

xLvir. 

Carbonic 

FIXED  OILS. 

Fluoric 

OXIDE  OK 

Sulphur 

— 

Saccho-lactic 

TELLURIUM. 

Lime 

Succinic 

L. 

Metallic  Oxides 

Citric 

Acids 

ALKOHOL. 

Ether 

Acetic 

Nitric 

Volatile  Oil 

Prussic 

Sulphuric 

Water 

Fixed  Alkali 

Carbonic 

Sulphur 

.■Ether 

Volatile  Alkali 

Ammonia 

Alkalis 

Volatile  Oils 

Sulphur 

Quicksilver 

Vmmonia 

XLV  I. 

Fixed  Alkalis 

OXIDE  OF 

XLVUf. 

Milphur 

ANTIMONY. 

OXIDE  OF 

Muriates 

TITANIUM. 

— 

Acids 

LI. 

1 

Muriatic 

Acids  ,, 

/ETHER. 

1 

Oxalic 

Sulphuric 

Sulphuric 

Nitric 

Vlkohol 

Nitric 

Muriatic 

Volatile  Oils 

Tartaric 

Prussic. 

Water 

Saccho-lactic 

To  these  tables  may  be  added  the  tables  of  Kirwan,  re- 
presenting the  quantities  of  the  principal  acids  required  to 
neutralize  the  alkalis  and  earths,  and  the  quantities  of  these 
requisite  to  saturate  the  acids  ; the  results  in  both,  though 
not  perhaps  perfectly  correct,  being  important  both  in 
themselves  and  in  their  relation  to  the  question  with  rc_ 
gard  to  the  forces  of  chemical  affinity. 
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A table  founded  on  the  experiments  of  Richter  is  like- 
wise of  value,  from  the  simplicity  of  its  construction,  and  its 
extensive  power  of  application.  It  consists  of  two  columns, 
one  composed  of  the  acids,  the  other  of  the  alkalis  and 
earths,  with  numbers  annexed  to  each,  and  is  thus  to  be 
understood  t If  an  article  in  one  ol  the  columns  be  taken, 
suppose  potash  in  the  first,  to  which  the  number  1605  be- 
longs, the  numbers  affixed  to  the  names  of  the  substances 
in  the  other  column  will  show  how  much  of  each  of  these 
is  requisite  to  saturate  these  1605  parts  ol  potash  : they 
will  require,  for  example,  427  of  fluoric  acid,  5 , 7 of  car- 
bonic acid,  &c.  If,  again,  we  take  an  article  of  the  se- 
cond column,  the  first  will  indicate,  in  the  same  manner, 
how  much  earth  or  alkali  will  be  required  to  neutralize  it. 
It  is  easy  by  calculation  to  reduce  these  numbers  in  any 
case  to  100  parts. 


Bases. 

Acids.  1 

Argil, 

525 

Fluoric, 

427 

Magnesia, 

6' 15 

Carbonic, 

577 

Ammonia, 

67  2 

Sebacic, 

706 

Lime, 

793 

Muriatic, 

712 

Soda, 

S 59 

Oxalic, 

755 

Strontites, 

1329 

Phosphoric, 

979 

Potash, 

1605 

Formic, 

98  8 

Barytes, 

2222 

Sulphuric, 

1000 

Succinic, 

1209 

Nitric, 

1405 

Acetic, 

1480 

Citric, 

1 6S3 

Tartareous, 

1 6'94 
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BOOK  II. 

OF  REPULSION,  AND  THE  POWERS  BY  WHICH  IT  IS 

PRODUCED. 

T he  attractions  which  arc  exerted  between  the  minute 
particles  of  matter,  are  counteracted  by  certain  forces  of 
repulsion,  and  by  these  the  arrangements  and  combina- 
tions to  which  the  former  give  rise  are  modified  or  sub- 
verted. Their  operation,  therefore,  is  important  in  the 
production  of  chemical  phenomena. 

Of  these  repulsive  forces,  the  most  general  in  its  acren- 
cy  is  the  power  of  Ideat,  or  wlfat  chemists  denominate 
Caloric.  This  power  is  present  in  all  bodies  : it  is  capable 
of  being  increased  or  diminished,  and  this  increase  and  di- 
minution are  accompanied  with  corresponding  changes  in 
the  distances  at  which  the  particle's  of  bodies  are  placed. 
Gahanism,  a principle  lately  discovered,  likewise  exerts  a 
repulsive  agency,  and  is  even  more  powerful  than  heat  in 
subverting  chemical  combination.  With  these  agents. 
Light  has  an  intimate  connection.  Its  materiality  is  in- 
deed more  decidedly  established,  yet  still  it  is  doubtful  if  it 
exert  any  chemical  affinities ; its  particles  arc  mutually  re- 
pellent, and  it  is  not  improbable,  that  in  producing  che- 
mical changes,  it  operates  by  the  repulsion  it  communi- 
cates to  the  particles  of  bodies. 
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The  materiality  of  all  these  agents  has  been  maintained. 
The  question,  however,  as  it  relates  to  some  of  them,  is 
far  from  being  determined,  and  they  are  so  far  peculiar, 
that  their  gravity  cannot  be  ascertained ; they  can  scarce- 
ly be  procured  insulated,  nor  can  their  combinations,  it 
they  enter  into  chemical  union,  be  traced.  They  niaj 
therefore,  without  impropriety  of  arrangement,  be  regard- 
ed as  general  forces  producing  repulsion. 


CHAP.  I. 

OF  CALORIC. 

Of  the  sensations  we  experience,  none  arc  more  fami- 
liar than  those  of  heat  and  cold.  These  are  excited  by- 
bodies  applied  to  the  organs  of  sense,  and  with  regard  to 
this,  no  fact  is  more  familiar,  than  that  the  same  body  ex- 
cites at  different  times  very  different  degrees  of  these  sen- 
sations. The  inference  from  this  is  obvious,  that  the 
power  of  producing  the  sensation  does  not  strictly  belong 
to  the  body'  applied,  but  depends  on  some  principle  01. 
power  which  it  contains,  and  which  is  capable  of  being  in- 
creased or  diminished;  the  increase  or  diminution  of  it  in 
any  particular  substance  being  accompanied  with  corre- 
sponding changes  in  the  power  ol  producing  these  sen- 
sations. We  thus  arrive  at  the  conclusion,  that  theie 
exists  a cause  of  heat, — a power  or  principle  capable  ol 
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icing"  communicated  to  bodies,  and  of  being  withdrawn 
from  them.  We  can  easily  observe  the  transfer  of  it  from 
one  to  another  ; for  by  bringing  a cold  body  into  commu- 
nication with  a hot  one,  the  latter  communicates  to  the 
former,  to  a certain  extent,  its  power  of  exciting  the  sen- 
sation of  warmth,  losing  at  the  same  time  proportionally 
the  power  it  has  of  exciting  the  same  sensation  : and  this 
communication  may  continue  to  be  made  over  any  num- 
ber of  bodies,  until  an  equilibrium  is  established. 

It  is  scarcely  necessary  to  illustrate  this  by  example. 
A piece  of  iron,  which  has  been  heated  in  the  fire,  if 
plunged  into  cold  water,  loses  a portion  of  its  heat, 
which  the  water  acquires ; the  water  may  equally  be  de- 
prived of  this,  and  the  power  be  transferred  to  another 
body. 

So  far  the  idea  of  the  cause  of  heat  is  limited.  It  has 
been  farther  extended  by  the  observation  of  other  effects 
which  it  produces.  When  a body  is  heated,  it  is  also  ex- 
panded, or  its  volume  is  enlarged  in  every  direction; 
when  it  is  cooled,  the  volume  is  diminished  ; and  the  dimi- 
nution or  increase  of  volume  bears  a general  pi'oportion 
to  the  abstraction  or  addition  of  the  peculiar  power  on 
which  these  effects  depend. 

It  has,  lastly,  been  proved,  that  when  this  expansion  is 
carried  to  a certain  extent,  bodies  change  their  forms, 
solids  becoming  liquid,  and  liquids  being  converted  into 
vapours  or  airs. 

These  effects  being  thus  connected,  are  justly  consider- 
ed as  arising  from  the  exertion  of  the  same  power.  It  has 
been  distinguished  by  different  appellations ; as  Fire, 
Vol.  L F 
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Heat,  the  Matter  of  Heat,  or  the  Igneous  Fluid,— tcrtni 
either  ambiguous,  or  implying  an  hypothesis,  and  there- 
fore superseded  by  the  more  unexceptionable  appellation 
of  Caloric. 

By  Caloric,  then,  is  to  be  understood,  a power  present 
in  bodies,  the  cause  of  their  expansion,  and  of  their  con- 
version into  the  fluid  and  aeriform  states,  and  which, 
when  present  in  a certain  quantity,  excites  in  animals  the 
sensation  of  heat,  the  sensation  of  cold  being  also  the  ef- 
fect of  its  abstraction. 

Some  have  considered  this  power  as  a peculiar  subtle 
fluid  diffused  over  matter,  and  capable  of  entering  into 
every  body ; others  have  supposed  all  the  phenomena  ex- 
hibited by  heated  bodies  to  arise  from  a peculiar  state  of 
these  bodies, — a vibratory  motion,  more  or  less  violent,  of 
their  minute  particles.  The  question  on  this  subject  will 
be  more  properly  examined  after  the  effects  of  Caloric 
have  been  considered.  It  is  sufficient  to  remark,  that 
whatever  may  be  the  nature  of  this  power,  its  existence  as 
the  cause  of  certain  effects  is  demonstrated ; and  these  ef- 
fects, their  relations  to  each  other,  and  the  general  laws 

# 

according  to  which  they  are  produced,  may  be  investi- 
gated with  sufficient  precision,  though  the  nature  of  the 
cause  may  be  unknown. 
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Sect.  I. — Of  the  Distribution  of  Caloric , and  the  means  of 
measuring  Temperature . 

1 he  state  of  a body  with  regard  to  its  power  of  produ- 
cing the  effects  which  arise  from  the  operation  of  caloric, 
is  termed  its  Temperature.  In  every  body  the  tempera- 
ture depends  on  the  quantity  of  caloric  it  contains.  If,  at 
any  temperature,  it  contain  a certain  quantity,  the  addi- 
tion of  caloric  raises  its  temperature,  and  its  abstraction 
equally  causes  a reduction  of  temperature. 

Some  estimate  may  be  formed  of  the  temperature  from 
the  sensation  it  excites,  but  this  is  extremely  defective. 
It  is  necessarily  very  limited  with  regard  to  the  range  of 
temperature,  since,  beyond  a certain  degree,  either  of  heat 
or  cold,  there  can  be  no  discrimination  ; and  it  is  also  inac- 
curate, from  the  sensations  being  so  much  influenced  by 
various  circumstances,  besides  the  direct  cause  by  which 
they  are  excited. 

The  mode,  therefore,  of  estimating  the  temperature  of 
bodies  by  the  expansion  produced  by  the  operation  of  ca- 
loric, was  a valuable  acquisition.  On  this  is  founded  the 
construction  of  the  thermometer, — an  instrument  of  the 
first  importance  in  all  researches  on  the  subject  of  heat. 
Sanctorius  had  observed  the  great  expansion  which  air 
undergoes  when  heated,  and  it  occurred  to  him  that  this 
expansion  might  afford  a measure  of  the  variations  of  tem- 
perature. T he  instrument  he  used  was  a hollow  glass 
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ball  with  af  long  cylindrical  stem  ; the  open  end  of  - the 
stem  being  immersed  in  a liquid,  and  part  of  the  air  ex- 
pelled from  the  ball,  the  liquid  of  course  rises  in  the  stem, 
and  by  its  ascent  or  descent,  as  it  is  pressed  on  by  the  ex- 
panded or  contracted  air  in  the  ball,  shews  the  alterations 
of  volume  which  the  air  suffers  from,  change  of  tempera- 
ture; This  instrument  is  liable  to  be  affected  by  varia- 
tions from  the  atmospheric  pressure : from  the  great  ex- 
pansibility of  air,  too,  it  is  capable  of  measuring  only  a 
very  limited  range;  from  this  cause,  however,  it  is  ex- 
tremely sensible,  and  is  hence  sometimes  used  to  indicate 
minute  changes  of  temperature.  It  has  been  rendered 
1 much  more  perfect  by  an  invention  of  Mi-  Leslie,  in 
which  two  air  thermometers  are  joined  together,  so  as  to 
form  a curved  tube  with  a ball  at  each  extremity,  repre- 
sented fig.  17. ; the  elasticity  of  the  air  in  one  ball  exactly 
counterbalances  that  of  the  air  in  the  other,  and  the  column 
of  coloured  liquid  between  them  remains  in  equilibrium. 
But  when  one  ball  receives  heat,  the  air  inclosed  in  it  be- 
ing expanded,  presses  more  forcibly  on  this  liquid,  causes 
it  to  descend  in  the  stem  connected  with  this  ball,  and  to 
rise  in  the  other.  This  Mr  Leslie  has  named  the  Diffe- 
rential Air  Thermometer. 

The  thermometer  was  rendered  much  more  manage- 
able, and  capable  of  more  extensive  application,  by  substi- 
tuting a liquid  as  the  measure  of  expansion,  and  inclosing 
it  in  a tube  hermetically  sealed.  Spirit  of  wine  coloured, 
and  quicksilver,  are  the  liquids  usually  employed ; the  lat- 
ter is  the  most  accurate,  as  its  expansions  correspond 
most  accurately  with  increments  of  temperature,  and  being 


OF  CALORIC. 


85 


less  volatile,  it  can  measure  much  higher  temperatures  ; the 
former  again  has  the  advantage  of  indicating  lower  tem- 
peratures, as  it  does  not  congeal  even  at  the  most  intense 
cold  hitherto  observed.  The  instrument  with  either  is 
constructed  by  filling  a glass  ball,  from  which  a cylindrical  - 
■stem  of  a very  narrow  diameter  issues,  with  the  liquid,  so 
that  it  shall  rise  partly  in  the  stem  ; the  open  extremity  is 
then  closed.  II  the  ball  of  the  instrument  be  placed  in 
contact  with  a hot  body,  it  receives  caloric,  the  liquid 
within  is  expanded,  and  rises  in  the  stem,  the  rise  con- 
tinuing until  the  thermometrical  liquid  attain  the  tempera- 
ture of  the  matter  around  it.  When  in  contact  with  a 
cold  body,  caloric  is  in  like  manner  abstracted  from  it  j 
the  liquid  contracts  and  descends  in  the  stem  ; and  by  a 
measured  scale  attached  to  the  stem,  the  rise  and  hill,  and 
the  precise  point  at  which  the  liquid  stands,  indicating  of 
course  its  temperature,  as  well  as  the  temperature  of  the 
body  applied  to  it,  are  ascertained. 

A difficulty  was  experienced  in  the  construction  of  the 
scale,  that  of  rendering  it  uniform,  so  that  the  degrees  on 
one  instrument  should  correspond  with  those  on  another. 
This  was  remedied  by  the  discovery  of  certain  fixed  points 
in  the  scale  of  temperature  always  the  same,  and  from 
which  the  scale  may  be  formed.  The  points  usually  taken 
are  those  at  which  water  freezes,  and  at  which  it  boils.  If 
the  thermometer  be  immersed  in  freezing  water,  or  rather 
in  melting  snow  or  ice,  the  liquid  will  stand  at  a particu- 
lar part  in  the  stem.  If  it  be  plunged  in  water  boiling 
under  a mean  barometrical  pressure,  it  will  rise  and  be- 
come stationary  at  another  part;  and  however  these  ex- 
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periments  be  diversified,  the  liquid  will  always  be  sta^ 
tionary  at  these  points.  Now,  it  is  obvious,  that  the  space 
between  them  may  be  divided  into  any  number  of  degrees ; 
and  if  the  instrument  is  graduated  in  this  manner,  the  de- 
grees in  every  thermometer,  if  the  same  number  be  ob- 
served, will  always  be  the  same  ; and  the  scale  also  may  be 
prolonged  in  each  by  similar  degrees  below  the  freezing 
point  of  water,  so  as  to  denote  low  temperatures,  and 
above  its  boiling  point  to  express  higher  temperatures. 

The  scale  thus  constructed  being  arbitrary,  different 
forms  of  it  have  been  introduced.  In  this  country  we  use 
generally  the  scale  of  Fahrenheit,  a German  artist.  The 
space  between  the  freezing  and  boiling  points  of  water  he 
divided  into  180  degrees;  but  instead  of  commencing  the 
numeration  of  its  degrees  at  the  lower  point,  the  freezing 
of  water,  he  began  it  still  lower  in  the  scale  of  tempera- 
ture, or  at  that  degree  of  cold  which  is  obtained  from  a 
mixture  of  snow  or  salt.  The  space  between  this  and  the 
freezing  point  of  water,  when  divided  into  degrees,  such  as 
those  between  the  freezing  and  the  boiling  points,  gives 
32  degrees ; the  freezing  point  of  water,  therefore,  is  on 
this  scale  marked  32,  and  the  boiling  point  212°. 

The  scale  of  Reaumur  is  rather  more  simple.  It  com- 
mences at  the  freezing  point  of  water,  which  is  therefore 
marked  0,  or,  as  it  is  named,  zero.  The  space  between 
this  and  the  boiling  point  of  water  is  divided  into  80  de- 
grees; the  latter,  therefore  is  marked  the  80th  degree. 
More  lately  a similar  scale  has  been  introduced  in  France, 
only  the  space  between  the  freezing  and  boiling  of  water  is 
divided  into  100  degrees ; it  is  hence  named  the  Centit 
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grade  scale.  This  last  is  perhaps  the  more  natural  divi- 
sion, and  hence  some  of  the  Chemists  of  this  country  have 
been  disposed  to  adopt  it.  Fahrenheit’s  scale,  however, 
arbitrary  as  it  is  in  its  construction,  has  two  very  impor- 
tant advantages : its  degrees  are  much  smaller  than  those 
of  the  others,  and  observations  with  it  are  therefore  more 
minute ; and  the  commencement  of  its  numeration  beinor 
low,  there  is  seldom  any  necessity  of  expressing  degrees 
below  this  : we  avoid  therefore  the  ambiguity  of  negative 
degrees.  If  a new  scale  were  attempted,  we  might  find 
one  perhaps  uniting  every  advantage  in  taking  the  freez- 
ing and  boiling  points  of  quicksilver,  the  usual  thermome- 
trical  liquid,  as  those  from  which  the  degrees  are  to  be 
numbered,  dividing  the  space  between  them  into  1000  de- 
grees. 'I  lie  division  would  thus  be  more  simple  than  that 
of  Fahrenheit : the  degrees  would  be  still  smaller,  without 
being  too  much  so  for  observation  ; the  commencement  of 
the  numeration  would  be  lower,  and  it  would  correspond 
nearly  with  the  lowest  natural  temperature.  And  although 
the  scale  was  constructed  in  relation  to  these  points,  the 
actual  graduation  of  the  thermometer  might  still  be  exe- 
cuted in  the  usual  manner,  from  the  freezing  and  boiling 
points  of  water,  it  being  only  necessary  to  determine  care- 
fully with  what  numbers  on  the  new  scale  these  points 
correspond. 

i wo  standard  points  being  fixed  in  all  these  scales,  it  is 
easy  to  establish  their  correspondence.  Each  degree  of 
Fahrenheit’s  is  equal  to  £ths  of  a degree  of  Reaumur’s. 
If,  therefore,  the  number  of  degrees  of  Fahrenheit's,  either 
above  or  below  the  freezing  point  of  water,  be  multiplied 
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by  4 and  divided  by  9,  the  quotient  will  be  the  cor- 
responding number  in  Reaumur’s  scale.  To  bring  those 
of  Reaumur  to  Fahrenheit’s,  they  must  be  multiplied  by 
9,  and  divided  by  4.  Each  degree  of  Fahrenheit’s  scale 
is  equal  to  fths  of  a degree  of  the  centigrade  scale  : to  find 
the  correspondence,  therefore,  these  numbers  are  to  be 
used  as  in  the  above  formula. 

In  employing  expansion  as  a measure  of  temperature, 
one  very  essential  point  is  to  be  determined,  before  the 
accuracy  of  the  method  can  be  admitted  : it  is  whether  the 
expansion  and  contraction  correspond  exactly  with  real 
increments  and  decrements  of  temperature.  If  a thermo-, 
metric  liquid,  from  a given  augmentation  of  temperature, 
say  10  degrees,  expand  more  at  one  part  ot  the  scale  than 
at  another,  then  the  indications  from  its  changes  oi 
volume  cannot  be  accurate.  This  subject  has  often  en- 
caged the  attention  of  Chemists,  and  the  result  of  their 
researches  is,  that  the  different  thermometrical  liquids  do 
not  expand  uniformly  as  the  temperature  rises,  but  in  an 
increasing  ratio,  or  that  from  a given  increment  of  tem- 
peratnre  they  suffer  a greater  expansion  at  a high  than  at 
a low  part  of  the  scale  of  heat.  The  expansions  of  quick- 
silver are  most  regular,  and  hence  it  gives  the  most  accu- 
rate indications.  Even  these  are  not  perfectly  so,  but  ex- 
ceed progressively,  as  the  temperature  rises,  the  real  tem- 
peratures. To  render  the  thermometer,  therefore,  per- 
fectly accurate,  the  degrees  on  its  scale  ought  to  be  ac- 
commodated to  the  progressive  expansion ; but  there  is 
still  some  degree  of  uncertainty  as  to  the  amount  of  the 
error,  and  from  the  mode  in  which  the  scale  is  graduated. 
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its  extent  is  less  important  5 as  the  two  extreme  points,  the 
freezing  and  boiling  of  water,  are  accurately  fixed,  and 
the  amount  of  the  error,  from  the  progressive  expansion 
between  these,  is  divided  among  the  intermediate  degrees. 
It  is  greatest,  therefore,  at  the  mean  degree ; there  it  is 
equal,  according  to  De  Luc,  to  3 degrees  of  Fahrenheit ; 
according  to  Crawford,  not  more  than  one  degree. 

To  measure  very  high  temperatures,  other  methods 
must  be  employed.  An  ingenious  one  was  proposed  by 
Newton,  founded  on  observing  the  times  of  cooling  in  a 
body  which  has  been  at  a high  heat,  until  the  temperature 
to  which  it  falls  can  be  ascertained  by  a thermometer, 
proceeding  on  the  assumption  that  the  times  being  taken 
in  arithmetical  progression,  the  decrements  of  temperature 
are  in  geometrical  progression.  Various  methods,  too,  of 
applying  the  expansions  of  solids  to  this  purpose,  have 
been  contrived,  furnishing  different  pyrometers.  But  the 
mode  which  has  been  regarded  as  most  practicable  and 
accurate  is  that  afforded  by  the  pyrometer  of  Wedgwood. 
This  is  founded  on  a singular  property  belonging  to  clay, 
that  it  contracts  instead  of  expanding  by  heat,  the  con- 
traction remaining  permanent  even  when  the  heat  has 
been  withdrawn.  To  apply  this  a gage  is  employed, 
formed  of  two  straight  rods  of  brass,  24  inches  long,  di- 
vided so  as  to  form  a scale  into  inches,  subdivided  into 
tenths,  and  fixed  on  a brass  plate  so  as  to  converge,  the 
distance  between  them  being  five-tenths  of  an  inch  at  one 
extremity,  and  three-tenths  at  the  other.  A small  cylin- 
der of  clay  is  framed,  so  as  to  enter  the  wide  end  of  the 
groove,  after  it  has  been  baked  by  a moderate  heat : when 
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it  is  exposed  to  an  intense  heat,  it  is  contracted  in  vo* 
hi  me,  and  of  course  enters  farther ; and  the  degree  of 
heat  can  thus  be  estimated  by  the  scale.  The  commence- 
ment of  this  scale  is  at  the  point  of  ignition  visible  in  day 
light ; which  corresponds,  according  to  Mr  Wedgwood’s 
estimate,  with  1077-*-  of  Fahrenheit ; and  each  degree  of 
the  scale  he  considers  as  equal  to  130  degrees  of  Fahren- 
heit’s. There  is  reason  to  doubt  if  this  pyrometer  is  ac- 
curate : it  is  not  ascertained  if  the  contractions  of  the 
clay  are  equable,  and  any  error  from  this  source  is  not 
guarded  against  by  the  graduation  being  made  from  cer- 
tain fixed  points.  It  is  useful,  however,  in  giving  certain 
stages  of  temperature,  marked  by  peculiar  effects,  as  by 
the  fusion  of  the  different  metals. 

Since  the  employment  of  the  thermometer,  or  rather  of 
the  expansion  of  bodies  as  a measure  of  their  temperature, 
more  just  and  enlarged  views  have  been  acquired  of  the 
distribution  of  caloric.  While  the  property  of  exciting 
the  sensation  of  heat  was  the  only  one  by  which  that 
power  was  characterized,  it  seemed  a just  conclusion,  that 
those  bodies  which  did  not  excite  that  sensation  contained 
none  of  it ; and  this  was  then  the  philosophical,  as  it  is 
still,  perhaps,  the  popular  opinion.  Its  fallacy,  however, 
is  easily  demonstrated. 

That  the  sensation  which  bodies  excite  is  no  just  indi- 
cation of  the  quantity  of  caloric  they  contain,  will  be , ap- 
parent from  considering  the  manner  in  which  these  sensa- 
tions are  excited.  The  temperature  of  the  human  body  is 
generally  about  96°  of  Fahrenheit.  When  any  substance 
at  a higher  temperature  than  this  is  applied  to  our  organs, 
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It  gives  caloric  to  the  part  to  which  it  is  applied,  and  this 
excites  the  sensation  of  heat : when  it  is  of  a lower  tem- 
perature, it  abstracts  caloric,  and  this  gives  rise  to  the 
sensation  of  cold.  Our  sensations,  however,  are  all  in- 
fluenced by  preceding  impressions.  Our  body  is  sur- 
rounded with  an  air,  at  a temperature  generally  inferior 
to  the  animal  temperature  : it  is  therefore  always  abstract- 
ing caloric.  Hence  it  happens,  that  if  any  substance  is  ap- 
plied to  the  body  inferior  to  its  temperature,  but  superior 
to  the  temperature  of  the  surrounding  atmosphere,  the 
abstraction  of  caloric  which  it  produces  is  inconsiderable, 
and,  compared  with  the  impression  which  the  air  makes 
upon  us,  it  seems  positively  warm.  In  general,  therefore, 
it  may  be  affirmed,  that  whatever  communicates  caloric  to 
our  body  produces  the  sensation  of  heat,  and  that  what- 
ever abstracts  it  causes  the  sensation  of  cold  ; but  this  ab- 
straction requires  to  be  greater  than  that  made  by  the  sur- 
rounding atmosphere,  in  order  to  convey  to  us  the  sensa- 
tion of  positive  cold. 

It  is  to  be  observed  too,  that  different  bodies  at  the 
same  temperature  occasion  different  sensations,  accordion- 
to  the  rapidity  with  which  they  absorb,  or  give  out  calo- 
ric. A piece  of  iron  at  32  feels  colder  than  a piece  of 
wood  at  that  temperature,  because  the  former  abstracts 
caloric  from  the  hand,  or  whatever  part  of  the  body 
touches  it,  more  rapidly  than  the  other. 

From  these  circumstances,  it  is  evident,  that  the  sensa- 
tion excited  by  a body  is  no  accurate  measure  of  the  calo- 
ric it  contains,  and  that  the  sensation  of  cold  will  be  ex- 
cited by  any  substance  whose  temperature  is  inferior  to 
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that  of  the  animal  body,  though  that  substance  may,  and 
actually  docs  contain  a large  quantity  of  caloric. 

That  bodies  at  such  a low  temperature  contain  it,  is 
evident  from  the  fact  that  their  temperatures  can  be  still 
farther  reduced.  If  the  thermometer  be  immersed  in  wa- 
ter which  is  freezing,  the  mercury  will  stand  at  32°  on 
Fahrenheit’s  scale  ; but  even  in  the  cold  of  this  climate,  it 
falls  occasionally  much  lower.  At  32°,  therefore,  the 
mercury  must  have  contained  caloric,  since  it  is  only  by 
the  abstraction  of  this  power  that  it  could  contract  in  vo- 
lume, arid  of  course  descend  in  the  scale.  In  northern 
climates  it  has  descended  to  46  degrees  below  0 of  Fah- 
renheit, or  78  below  the  freezing  point  of  water.  At  all 
degrees,  therefore,  above  this,  the  thermometer  must  have 
contained  caloric  ; and  even  at  that  intense  cold,  of  which 
it  is  difficult  to  form  a just  conception,  it  must  have  con- 
tained much  caloric,  since,  by  artificial  means,  a further 
reduction  of  it  could  be  effected  : And  if  the  thermometer 
contained  caloric  at  these  extreme  colds,  all  bodies  must 
have  contained  it,  since  it  is  the  invariable  property  of  this 
power  to  diffuse  itself,  till  an  equilibrium  of  temperature 
is  established. 

Even  at  these  low  temperatures  there  is  no  reason  to 
believe  that  bodies  were  near  to  being  deprived  of  then- 
caloric,  since  even  then  their  particles  must  have  been  far 
from  being  in  actual  contact ; and  it  is  only  by  the  repul- 
sive power  of  caloric  that  these  particles  are  kept  asunder. 
This  affords  a more  extensive  view  of  the  distribution  of 
this  power.  A solid  body  is  to  be  conceived  of  as  con- 
sisting of  a number  of  particles  of  the  same  nature,  kept 
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at  certain  distances  from  each  other  by  its  agency  or  in- 
terposition : when  a portion  of  caloric  is  withdrawn,  these 
particles  approach  nearer  to  each  other ; and  hence  the 
diminution  of  volume  that  takes  place.  But  any  conden- 
sation hitherto  effected,  is  far  from  that  in  which  these 
particles  would  be  in  contact ; nor,  perhaps,  is  such  a 
condensation  possible. 

It  has  farther  been  established,  that  the  fluid  and. 
aeriform  states  of  bodies  are  owing  to  the  presence  of  ca- 
loric : and  therefore,  as  many  liquids  require  to  be  expos- 
ed to  the  most  intense  cold  in  order  to  freeze  them  ; as 
there  are  even  some  which  have  not  yet  been  frozen  ; and 
as  the  greater  number  of  the  airs  have  not  been  brought 
even  to  the  liquid  state,  it  is  evident  that  the  lowest  tem- 
perature which  has  been  produced,  is  far  distant  from  that 
point  at  which  caloric  would  be  totally  abstracted. 


Sect.  II .—Of  the  Effects  of  Caloric. 

Caloric,  by  the  repulsive  agency  it  exerts,  separates  the 
particles  of  bodies  from  each  other,  and  this  operation,  in 
progressive  stages,  gives  rise  to  the  three  general  effects  of 
Expansion,  Fluidity,  and  Vaporization.  When  a body  is 
heated  to  a certain  point,  it  becomes  luminous  : this  state, 
named  Ignition,  is  an  effect  apparently  unconnected  with 
the  others. 
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Of  Expansion. 

When  the  temperature  oi  a body  is  raised,  its  volume 
is  enlarged  in  every  dimension ; when  the  temperature  is 
reduced,  it  suffers  contraction ; and  this  expansion  and 
contraction  are,  under  a general  point  of  view,  propor- 
tional in  each  body  to  the  caloric  communicated  or  ab- 
stracted. 

The  expansion  from  a given  augmentation  of  tempera- 
ture is  very  different  in  different  bodies.  Generally  speak- 
ing it  is  greatest  in  those  which  are  most  rare,  and  which 
have  least  cohesion-,  hence,  it  is  veiy  considerable  in 
aeriform  fluids ; it  is  less  in  liquids,  but  still  it  is  moie 
considerable  in  these  than  in  solids. 

In  attending  to  the  results  more  minutely,  we  find  it  to 
be  very  different  in  different  solids,  as  for  example  in  the 
different  metals  ; and  in  these  differences,  we  can  discover 
little  relation  between  the  expansibility  and  any  physical 
or  chemical  quality.  It  has  none  to  the  density  -,  and  the 
only  property  with  which  it  can  be  connected  is  the  fusibi- 
lity ; those  which  are  most  fusible  suffering  the  greatest 
expansion,  though  to  this  also  there  are  exceptions. 

In  liquids,  the  degrees  of  expansion  from  the  same  aug- 
mentation of  temperature  are  not  less  dissimilar,  and  as 
their  expansibility  is  greater,  these  differences  are  even 
more  conspicuous.  In  general,  those  liquids  that  are  most 
volatile  arc  those  which  are  most  expansible.  Thus, 
quicksilver  in  the  rise  of  temperature  from  50°  to  100 , 
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Fahrenheit,  is  expanded  about  ^ of  its  original  vo- 
lume, water  , and  spirit  of  wine  ^ 

It  might  be  expected  that  a similar  diversity  would  ex- 
ist in  the  expansions  of  aerial  fluids.  Instead  of  this, 
however,  it  appears  to  be  established,  that  the  expansions 
of  all  airs  are  the  same,  from  the  same  augmentation  of 
temperature.  Tin's  is  the  result  of  the  experiments  of 
Dalton  and  Guy-Lussac ; the  expansion,  according  to  the 
former,  amounting  in  all  of  them  to  ^ of  the  volume, 
for  each  degree  of  Fahrenheit ,-  according  to  the  latter, 
tto*  The  apparent  dilFerences  which  had  been  observed  in 
preceding  experiments  appear  to  have  arisen  from  small 
but  variable  quantities  of  water  being  present,  which,  as- 
suming the  state  of  vapour,  added  to  the  volume  of  the 
aeriform  fluid. 

Another  important  fact  to  be  illustrated  with  regard  to 
expansion  is,  that  in  many  bodies  it  is  progressive  with  re- 
gard to  temperature,  or  is  always  becoming  greater  as  the 
temperature  rises.  Hence,  from  a given  augmentation  of 
temperature,  the  expansion  is  greater  at  a high  than  at  a 
low  part  of  the  scale  of  heat. 

This  is  observed  particularly  in  liquids.  Thus,  dividing 
the  scale  of  temperature  between  32°  and  212°  into  two 
equal  portions,  the  expansion  in  the  higher  portion,  or 
liom  122°  to  212°,  is  to  that  in  the  lower,  or  from  32  to 
122,  in  quicksilver,  as  15  to  14,  in  oil  as  15  to  13,  in  wa- 
ter saturated  with  salt  as  15  to  11.6,  and  in  alkohol  as 
15  to  10.9.  In  all  these  the  expansibility  is  progressive, 
though  in  each  to  a-  different  extent.  The  progression 
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becomes  always  more  considerable  too  as  tbe  temperature 
is  higher,  or  rather  as  it  approaches  nearer  to  the  boil- 
ing point  of  the  liquid. 

Since  there  is  this  increasing  expansion  in  liquids,  it 
might  be  expected  that  it  would  also  be  found  in  aerial 
fluids.  The  reverse,  however,  appears  to  be  the  case. 
The  expansion  was  even  observed  by  Roy  and  Dalton  to 
be  rather  a decreasing  one,  or  to  become  less  as  the  tem- 
perature rises.  This  apparent  result,  however,  might  be 
owino-  to  the  mercurial  thermometer  not  being  perfectly 

O 

accurate,  but  indicating  augmentations  of  temperature  in 
the  higher  part  of  the  scale  less  than  the  real  augmenta- 
tions ; and  making  allowance  for  this,  according  to  the 
correction  of  Dc  Luc,  already  stated,  the  expansions  of 
aerial  fluids  will  be  found  to  be  precisely  equable. 

These  apparently  anomalous  facts,  I have  endeavoured 
to  connect  and  explain  by  the  application  of  the  following- 
principle  : Expansion  is  not  to  be  considered  as  the  result 
merely  of  the  operation  of  caloric,  but  as  arising  from  this 
power,  prevailing  so  far  over  the  force  of  cohesion,  which, 
to  a certain  degree,  always  counteracts  it  where  it  exists. 
And  considering  it  under  this  point  of  view,  these  facts 
may  thus  be.  explained. 

The  inferior  expansibility  of  solids  compared  with  that 
of  liquids,  must  be  referred  to  cohesion  being  exerted  in 
the  former  with  much  greater  force  than  in  the  latter  •,  and 
the  obstacle  to  the  expansive  energy  of  caloric  being  there- 
fore more  considerable:  while  the  great  expansibility  of  ae- 
riform substances  is  evidently  owing  to  there  being  no  co- 
hesion between  their  particles,  there  is  therefore  no  resis- 
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tance,  and  enlargement  of  volume  is  produced,  limited  only 
by  the  pressure  under  which  the  augmentation  of  tempera- 
ture acts. 

The  difference  in  the  expansions  of  different  solids  from 
the  same  rise  of  temperature,  is  evidently  to  be  ascribed  to 
the  various  degrees  of  strength  with  which  cohesion  is  ex- 
erted between  their  particles..  The  same  cause  must  be 
assigned  for  the  differences  in  the  expansions  of  different 
liquids ; for  although  in  these  cohesion  is  weak,  it  still  ex- 
ists to  a certain  extent,  different  no  doubt  in  each.  The 
-equability  in  the  expansions  of  aerial  substances,  must,  in 
conformity  to  this  view,  be  ascribed  to  the  absence  of  the 
power  of  cohesion  : there  is  in  all  of  them  no  resistance  to 
the  operation  of  caloric,  and  hence  the  expansion  must  be 
simply  in  proportion  to  the  rise  of  temperature,  and  must 
in  all  be  the  same. 

Lastly,  the  uniformity  in  the  expansions  of  aerial  sub- 
stances with  regard  to  temperature,  while  the  expansion 
of  liquids  is  progressive*  must  be  referred  to  the  same  cause. 
In  the  former,  expansion  is  the  effect  merely  of  the  ope- 
ration of  caloric,  and  must  therefore  be  proportional  to 
the  augmentation  of  temperature : in  the  latter,  it  is  mo- 
dified l>y  the  force  of  cohesion,  which  is  exerted  to  a cer- 
tain extent : the  power  of  this  is  progressively  diminished 
as  the  temperature  rises  ; the  resistance  therefore  to  the  ex- 
pansive power  is  becoming  less,  and  hence  the  expansions 
must  become  greater.  It  follows  from  this  view,  that  in 
solid  substances  the  expansibility  ought  likewise  to  be  pro- 
gressive with  regard  to  temperature.  The  fact  on  this 
point  is  not  well  ascertained,  though  there  are  some  ob- 
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servations  which  appear  to  prove  that  it  is  so.  And  as  the 
force  of  cohesion  is  so  great  in  solids,  an  elevation  of  tem- 
perature, even  to  a considerable  extent,  can  have  less  ef- 
fect in  weakening  it : hence  the  progression  may  be  so  in- 
considerable, that  in  the  small  portion  of  the  scale  that  can 
be  accurately  measured,  it  may  not  be  easily  ascertained. 

There  remain  to  be  stated  some  exceptions  to  the  law, 
that  expansion  is  produced  by  the  communication  ol  caloric. 

A striking  exception  is  in  the  enlargement  of  volume 
that  accompanies  the  transition  of  bodies  from  the  liquid 
to  the  solid  form.  This  transition  is  occasioned  by  reduc- 
tion of  temperature  : it  ought  therefore  to  be  attended  with 
diminution  of  volume,  or,  if  no  difference  can  be  discovered 
between  the  temperature  of  the  liquid,  and  that  of  the  so- 
lid formed  from  it,  at  the  moment  of  formation,  there 
ought  at  least  to  be  no  expansion.  The  expansion,  with 
regard  to  a number  of  substances,  is  however  very  con- 
siderable. Water  in  freezing  expands  so  much  as  to  raise 
a considerable  weight,  or  even  to  burst  metallic  vessels  in 
which  it  is  confined.  This  has  been  supposed  to  arise 
from  the  disengagement  by  freezing  of  the  portion  of  air 
which  water  holds  loosely  dissolved ; but  it  takes  place  when 
this  air  has  previously  been  abstracted  as  much  as  possi- 
ble, by  the  action  of  the  air  pump.  It  probably  depends, 
according  to  the  hypothesis  suggested  by  Mairan,  on  a po- 
larity in  the  particles  of  the  water,  or  a disposition  to  unite 
by  certain  sides  in  preference  to  others.  It  is  accordingly 
observed,  that  in  freezing  the  spiculae  of  ice  shoot  out  at  a 
certain  angle  ; and  in  consequence  of  tliis  arrangement  an 
enlargement  of  volume  may  be  produced.  The  same  phe-- 
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nomenon  is  displayed  by  some  other  substances  in  their 
congelation,  though  not  to  the  same  extent ; as  by  several 
saline  solutions,  sulphur,  and  among  the  metals  by  iron, 
bismuth  and  antimony,  and  it  is  no  doubt  to  be  referred 
to  a similar  cause. 

A very  singular  phenomenon,  however,  peculiar,  as  far 
as  has  been  discovered,  to  water,  is  expansion,  not  in  the 
actual  piocess  of  congelation,  but  for  several  degrees  pre- 
vious to  the  point  at  which  the  congelation  commences, 
and  of  course  while  perfect  fluidity  remains.  If  water  be 
cooled  in  a tube  adapted  to  render  sensible  its  changes  of 
volume,  it  contracts  as  the  temperature  is  reduced,  until  it 
has  fallen  to  about  40  of  Fahrenheit’s  scale  : it  then  be- 
comes stationary,  and  if  cooled  farther  it  expands,  and 
continues  to  expand  in  an  increasing  ratio,  until  it  freeze. 
If,  by  avoiding  agitation,  the  freezing  be  prevented  at  the 
usual  temperature  of  32*^,  and  the  water  be  cooled  lower 
than  this,  the  expansion  still  continues  to  proceed  : it  has 
been  cooled  down  to  20,  and  even  to  10,  and  at  the  last 
temperature  it  had  expanded  as  much  as  it  would  have 
done  had  the  temperature  been  raised  to  75.  The  same 
property  is  displayed  when  the  freezing  point  of  the  wa- 
ter has  been  lowered,  by  dissolving  certain  salts  in  it ; and 
m this  case  the  expansion  commences  at  about  the  same 
distance  from  the  point  at  which  such  a solution  freezes, 
as  it  docs  from  the  usual  freezing  point  of  pure  water. 

This  singular  property  of  water,  with  regard  to  expan- 
sion, had  been  observed  at  an  early  period  j and  Hooke 
suggested  that  it  might  be  merely  not  a real,  but  only  an 
appaient  anomaly,  depending  o.i  the  contraction  of  the 
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containing  vessel.  The  same  explanation  was  given  by 
Mr  Dalton.  The  expansion  of  water  being  in  an  increa- 
sing ratio  with  regard  to  temperature,  the  contractions  it 
suffers  in  cooling  must  always  be  becoming  less  as  the 
temperature  falls.  They  become  at  length  inferior  to  the 
contraction  of  the  containing  vessel ; whence  apparent  ex- 
pansion will  take  place,  and  for  the  same  reason  tliis  will 
appear  to  proceed  in  an  increasing  ratio  as  the  tempera- 
ture falls.  It  has  been  found,  what  appears  to  be  in  con- 
formity to  this  view,  that  the  apparent  expansion  commen- 
ces at  different  points  of  the  thermometrical  scale,  when 
the  experiment  is  made  in  tubes  of  different  kinds,  ap- 
pearing, for  example,  at  a higher  part  of  the  scale  in  a 
metallic  tube  and  ball,  than  in  one  of  glass,  the  contrac- 
tion which  the  metal  suffers  from  reduction  of  temperature 
being  greater  than  that  of  the  glass. 

The  reality  of  this  property  in  water  has  been  establish- 
ed, however,  by  Dr  Hope,  by  a series  of  experiments  exe- 
cuted in  a manner  in  which  this  source  of  fallacy  can  have 
no  effect.  Thermometers  being  placed  near  the  bottom 
and  top  of  a cylindrical  jar  containing  water,  he  observed, 
that  in  cooling  water  until  it  arrived  at  40  Q,  the  under 
thermometer  always  indicated  the  lower  temperature ; but 
in  cooling  it  below  40,  the  reverse  took  place,  the  thermo- 
meter at  the  surface  indicating  the  lower  temperature, — a 
decisive  proof,  that  in  cooling  below  this  point  water  ex- 
pands, becomes  therefore  lighter,  and  ascends.  Or,  in  re- 
versing the  experiment,  by  communicating  heat  to  water 
which  had  been  cooled  down  to  32,  the  thermometer  at 
the  bottom  was  always  higher  in  temperature  than  that  to- 
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wards  the  surface  ; the  water  as  it  became  heated  contract- 
ing and  falling  down.  This  continued  until  the  tempera- 
ture rose  to  38°,  then  the  arrangement  was  reversed,  and 
the  warmer  water  above  this  appeared  at  the  surface.  It 
is  obvious  that  these  experiments  are  liable  to  no  fallacy 
from  the  contraction  or  expansion  of  the  containing  ves- 
sel ; since,  whatever  this  be,  it  must  have  operated  equally 
on  the  whole  column  of  water,  and  they  fully  establish  the 
existence  of  this  peculiar  anomaly  in  water. 

Can  any  cause  be  assigned  for  this  peculiarity  ? Blagden 
suggested,  that  that  polarity,  or  peculiar  exertion  of  the 
attraction  of  cohesion  which  unites  the  particles  of  water 
in  a determinate  manner  in  congelation,  might  begin  to 
operate  some  degrees  above  the  point  at  which  the  actual 
solidification  takes  place,  and  give  rise  to  enlargement 
of  volume.  There  is  reason  to  believe  that  this  even  hap- 
pens with  regard  to  some  other  substances  which  expand 
in  becoming  solid.  Thus,  if  pieces  of  solid  iron  are  thrown 
into  melted  iron,  they  at  first  float,  from  the  greater  den- 
sity of  the  iron  in  the  liquid  state ; but  in  proportion  as 
they  melt,  they  sink,  probably  from  the  temperature  of  the 
liquid  iron  being  reduced  by  their  fusion,  and  from  this 
reduction  being  accompanied  with  expansion. 

One  other  exception  to  the  law  that  bodies  are  expand- 
ed by  the  action  of  caloric  remains  to  be  stated  ; it  is  that 
exhibited  by  clay  and  the  pure  earth,  argil,  which  is  its 
base,  which,  when  heated  above  ignition,  contracts  instead 
of  expanding  as  the  temperature  is  raised,  the  contraction 
remaining  permanent  when  the  temperature  is  reduced. 
This  might  be  supposed  to  depend  on  the  dissipation  of 
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volatile  matter  ; but  the  reverse  of  this  is  established  by  the 
circumstance,  that  beyond  a full  red  heat  there  is  no  loss 
of  weight,  though  the  contraction  continues  to  proceed  far 
beyond  this.  It  is  probably  owing  to  the  exertion  of  the 
attraction  of  cohesion  being  favoured  by  the  high  tempe- 
rature, in  consequence  of  which,  the  particles  composing 
the  mass  enter  into  closer  aggregation  •,  and  accordingly, 
what  is  in  conformity  to  this  view,  a degree  of  hardness  is 
acquired,  greater  as  the  heat  has  been  more  intense.  Sir 
James  Hall  observed,  that  a similar  contraction  takes  place 
in  chalk  heated  under  compression,  and  this  is  accompa- 
nied with  increase  of  hardness. 

Of  Fluidity. 

When  a solid  substance  is  heated  to  a certain  tempcra- 
ture,  the  force  of  cohesion  between  its  particles  is  so  far 
diminished,  or  is  so  peculiarly  modified,  that  its  parts  are 
moved  easily  with  regard  to  each  other,  or  it  passes  into 
the  fluid  form.  By  a reduction  of  temperature,  the  par- 
ticles are  again  united  so  as  to  be  subversive  of  this 
mobility,  or  the  body  returns  to  the  solid  state.  These 
changes  of  form,  therefore,  may  be  regarded  as  depending 
on  the  relative  action  of  caloric,  and  of  the  force  of  cohe- 
sion. Were  cohesion  only  exerted,  the  particles  of  all  bo- 
dies would  be  closely  united,  and  all  would  exist  in  the 
state  of  greatest  density  and  solidity.  But  this  is  counter- 
acted by  the  repulsive  agency  of  caloric,  which,  when  in 
sufficient  intensity,  diminishes  cohesion  so  far  as  to  pro- 
duce fluidity. 

This  effect,  however,  docs  not  depend  merely  on  the 
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force  of  cohesion  being  weakened,  but  also  on  its  action 
being  so  far  modified,  as  to  give  rise  to  a different  arrange- 
ment of  the  particles  from  that  which  prevails  in  the  solid 
state.  Cohesion  remains  in  the  fluid,  and  it  is  not  easy  to 
determine  to  what  extent  j for  the  mobility  characteristic 
of  fluidity  may  be  accounted  for  on  the  supposition,  that 
the  mutual  action  of  its  particles  is  equal  in  every  direction 
at  the  same  distance,  though  a strong  force  of  cohesion  is 
exerted  between  them.  And  that  a peculiar  arrangement  of 
the  particles  does  take  place  in  the  transition  of  form,  is 
proved  by  the  facts,  with  regard  to  the  expansion  bodies 
suffer  in  becoming  solid, — facts  inconsistent  with  the  sup- 
position that  fluidity  depends  merely  on  a diminution  in  the 
power  of  cohesion.  This  peculiar  arrangement,  however, 
depends  on  the  operation  of  caloric  separating  the  parti  1 
cles  to  certain  distances,  and  allowing  these  modifications 
in  their  mutual  actions  to  be  established.  Fluidity  is  there- 
fore strictly  and  invariably  the  result  of  the  exertion  of 
this  power,  and  no  body  can  be  said  to  be  more  naturally 
liquid  or  solid  than  another.  In  common  language,  in- 
deed, those  bodies  which  are  liqui^l  at  moderate  natural 
temperatures,  are  said  to  be  frozen  or  congealed  when 
they  become  solid,  and  those  which  are  usually  solid  are 
said  to  be  melted  when  they  have  been  rendered  liquid, 
implying  some  distinction  between  them.  But  this  dis- 
tinction is  merely  relative,  and  depends  on  the  different 
temperatures  at  which,  from  the  different  degrees  of  force 
with  which  cohesion  is  exerted,  these  states  are  assumed. 

Though  every  substance  would  undergo  the  change  of 
-fluidity  from  the  action  of  heat,  it  often  happens,  with  rer 
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gard  to  compound  substances,  that  they  are  decomposed 
at  a lower  temperature  than  that  which  is  necessary  to 
melt  them.  But  if  this  decomposition  be  prevented,  they 
may  be  fused.  This  is  well  exemplified  in  the  fusion  of 
chalk  or  limestone,  by  heat  applied  under  compression, 
so  to  prevent  the  dissipation  of  the  aerial  matter  which 
enters  into  the  composition  of  these  substances : and  in 
this  case,  the  aerial  ingredient  seems  to  share  its  facility  of 
being  acted  on  by  caloric  with  the  solid  ingredient,  and  to 
communicate  to  it  greater  fusibility. 

Fluidity  differs  from  expansion  in  the  circumstance  that 
it  is  not  progressive,  but  ‘takes  place  suddenly,  and  at  a 
precise  temperature : the  solid,  even  at  one  degree  lower 
than  its  melting,  point,  having  no  appearance  denoting  ap- 
proaching liquefaction ; and  the  liquid  at  as  small  a dis- 
tance from  its  freezing  point,  retaining  apparently  unim- 
paired its  characteristic  mobility.  This,  howrever,  is  not 
universal,  there  being  some  substances  which  pass  through 
an  intermediate  stage  of  softness  and  viscidity,  of  which 
we  can  even  mark  numerous  shades. 

The  process  of  congelation  is  influenced  by  certain  cir- 
cumstances besides  the  reduction  of  temperature.  If  agi- 
tation be  avoided,  a liquid  may  be  cooled  a number  of  de- 
grees below  the  temperature  at  which  it  usually  becomes 
solid,  without  congealing ; water,  for  example,  can  thus 
be  cooled  easily  to  28°,  or  25°  ; it  has  been  cooled  even  to 
15°  or  10°;  but  the  moment  it  is  agitated  when  thus  cool- 
ed, congelation  takes  place,  and  the  temperature  rises  to 
the  usual  freezing  point.  The  kind  of  agitation  which  has 
this  effect,  is  rather  that  which  produces  a vibration  a.- 
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mong  the  particles  of  the  liquid  than  that  which  moves 
the  whole  mass.  Another  circumstance,  which  has  an  im- 
portant influence  on  congelation,  is  the  presence  ol  loose 
particles  of  solid  matter,  and  especially  of  the  same  kind 
of  matter  with  that  which  is  to  be  congealed : thus  the  in- 
troduction of  the  smallest  particle  of  ice  into  water  cooled, 
even  a little  below  32°,  causes  it  instantly  to  freeze. 

The  influence  of  these  circumstances  is  to  be  explained 
by  considering  congelation  as  a species  of  crystallization 
arising  from  the  particles  of  the  liquid  uniting  in  a deter- 
minate manner.  Mere  reduction  of  temperature  causes 
the  particles  of  the  liquid  to  approach  in  that  direction 
least  favourable  to  the  exertion  of  that  modified  attraction 
by  which  they  arc  to  be  united  in  the  solid.  Agitation, 
by  the  various  motions  it  impresses  on  the  particles,  places 
some  of  them  in  that  direction  in  which  they  are  more 
disposed  to  unite  ; and  a solid  particle,  or  rather  a small 
solid  mass,  affords  a surface  whence  attraction  can  be  ex- 
erted with  more  effect,  and  which,  when  it  does  com- 
mence, will  proceed  rapidly  through  the  whole  mass. 

During  liquefaction,  a quantity  of  caloric  is  absorbed 
without  producing  elevation  of  temperature, — an  important 
phenomenon  more  strictly  connected  with  another  part  of 
the  history  of  caloric,  and  therefore  to  be  afterwards  con- 
sidered. 


Of  Vaporization. 

The  term  Vaporization  is  applied  to  denote  that  change 
in  which  a body  passes  into  the  form  of  vapour  or  air.  It 
\s  the  immediate  effect  of  the  action  of  caloric.  The  ex- 
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pansive  energy  of  this  power  separates  the  particles  of  bo- 
dies to  greater  distances,  until  the  force  of  cohesion  pro- 
gressively weakened  is  entirely  overcome,  and  a repulsion 
is  established  between  the  particles.  These  receding  from 
each  other,  the  body  becomes  extremely  rare,  and  highly 
elastic,  and  thus  passes  into  what  is  named  the  Aeriform 
or  Gaseous  State. 

In  general,  bodies  pass  into  this  state  from  the  liquid 
form,  and  there  is  often  a considerable  range  of  tempera- 
ture between  the  two  stages  at  which  these  changes  of 
.form  happen.  In  some  cases,  however,  solids  pass  into 
the  state  of  vapour  without  becoming  previously  liquid, 
though  if  their  vaporization  be  prevented  by  pressure  they 
suffer  liquefaction. 

Elasticity,  or  the  capability  of  being  reduced  by  pressure 
into  a smaller  volume,  and  of  expanding  when  that  pres- 
sure is  removed,  is  the  distinguishing  property  of  bodies 
existing  in  this  state.  They  all  possess  it  in  a high  degree. 
A moderate  compression  very  sensibly  reduces  their  vo- 
lume ; an  abstraction  of  external  pressure  is  followed  by  a 
great  degree  of  expansion.  This  elasticity,  too,  is  much 
increased  by  the  farther  operation  of  caloric  •,  hence,  very 
moderate  changes  of  temperature  in  the  aeriform  fluids 
are  accompanied  with  very  considerable  changes  of  vo- 
lume, and  under  high  temperatures  they  become  mecha- 
nical agents  of  great  power,  from  the  elastic  force  they  ex- 
ert. 

Rarity  is  another  property  characteristic  of  this  form. 
The  particles  are  separated  to  such  distances,  that  the 
portion  ol  gravitating  matter  in  a given  volume  is  compa> 
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ratively  small.  So  few  rays  of  light,  too,  are  reflected,  that 
no  impression  is  made  on  the  organ  of  vision  ; hence  bo- 
dies in  this  state  are  invisible,  except  in  the  example  of 
one  or  two  elastic  fluids,  which  are  distinguished  by  pecu- 
liar colour,  or  where,  as  in  the  atmosphere,  from  the  large- 
ness of  the  mass,  some  tint  of  colour  is  displayed.  The 
vapours  in  condensing  lose  their  transparency,  from  the 
union  of  their  particles  into  minute  globules. 

The  temperature  at  which  different  bodies  suffer  this 
change  of  form  is  extremely  various.  Some  require  a 
temperature  comparatively  high,  and  hence  usually  exist 
in  the  liquid  or  solid  state.  Of  these  some  require  even  an 
intense  heat : these  are  named  Fixed,  in  contradistinction 
to  those  which  are  more  easily  converted  into  vapour,  and 
which  are  hence  denominated  Volatile.  There  are  still 
others  which  pass  into  this  form  at  temperatures  so  low, 
that  even  the  greatest  cold  which  we  can  apply  is  insuffi- 
cient to  condense  them  into  the  liquid  form. 

Substances  which  assume  the  elastic  form  at  tempera- 
tures so  low  as  tin’s,  being  incondensible  by  the  methods 
we  can  employ,  arc  considered  as  permanently  elastic.  In 
the  language  of  modern  chemistry,  they  are  named  Airs 
or  Gases, — these  two  terms,  strictly  speaking,  being  sy- 
nonymous, though  the  term  Air  is  also  sometimes  used 
not  in  a generic  sonse,  but  is  applied  specifically  to  that 
elastic  fluid  which  forms  the  atmosphere.  Substances, 
again,  which  exist  in  the  elastic  form,  but  which,  requiring 
a high  temperature  to  maintain  their  elasticity,  can  be 
easily  condensed,  are  named  Vapours.  The  state  in 
which  each  exists  is  precisely  the  same,  and  the  distine- 
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lion  is  only  relative,  referring  to  the  temperature  at  which 
it  is  assumed. 

A different  view  has  sometimes,  however,  been  taken  of 
this  subject.  The  aeriform  state  has  been  considered  as 
natural  or  essential  to  some  bodies  ; and  when  this  opinion 
was  exploded,  and  the  principle  established,  that  this  state 
uniformly  depends  on  the  action  of  caloric,  still  it  was 
supposed  that  in  the  gases,  or  those  possessed  of  perma- 
nent elasticity,  the  combination  of  caloric  is  more  inti- 
mate than  in  the  vapours  which  are  more  easily  con- 
densed. There  are  no  grounds  for  this  opinion.  The 
difference  obviously  depends  on  the  temperature  at  which 
the  state  is  assumed.  If  a body  require  a high  tempera- 
ture to  become  elastic,  it  will  of  course  remain  so  only 
while  that  temperature  is  kept  up  ; and  when  this  is  re- 
duced, it  will  return  to  the  liquid  or  solid  form.  But,  if 
the  elastic  state  is  assumed  at  a temperature  lower  than 
any  natural  one,  or  than  what  can  be  reached  by  artificial 
arrangements,  the  body  will  appear  permanently  elastic  as 
it  occurs  in  nature  •,  and  if  disengaged  from  combinations 
in  which  it  exists,  it  will  instantly  assume  that  state.  If 
water,  instead  of  requiring  a temperature  of  212°  to  con- 
vert it  into  vapour,  suffered  that  change  at  200°  below  0 
of  Fahrenheit,  it  would  always  have  appeared  to  us  as  a 
permanently  elastic  fluid,  and  perfectly  analogous,  so  far 
as  regards  its  mechanical  properties,  to  atmospheric  air. 

That  this  property  of  permanent  elasticity  is  merely  re- 
lative, is  well  established  by  the  condensation  of  several 
of  the  gases,  as  they  have  usually  been  considered,  having 


OF  CALORIC. 


109 


&een  actually  effected  by  the  application  of  intense  cold, 
aided  by  strong  pressure. 

On  these  views  is  established  the  chemical  nomenclature 
of  the  permanently  elastic  fluids.  Being  regarded  as  com- 
posed of  solid  or  gravitating  matter  existing  in  this  form, 
the  generic  term  Gas  is  applied  to  denote  the  form  itself, 
and  a peculiar  name  is  assigned  to  the  solid  base  of  each. 
Thus,  there  is  one  elastic  fluid  named  Oxygen  Gas  : this 
phrase  is  applied  to  it  as  it  exists  in  the  aerial  form,  and 
the  term  Oxygen  is  appropriated  to  its  gravitating  matter. 
This  matter  cannot  be  obtained  solid  in  an  insulated  state, 
owing  to  the  peculiar  relation  it  has  to  caloric,  but  it  ex- 
ists concrete  in  many  combinations,  and  it  is  only  when 
disengaged  that  it  assumes  the  elastic  form.  The  affini- 
ties of  oxygen  gas  and  its  specific  properties  are  of  course 
considered  as  depending  on  this  base.  The  same  nomen- 
clature is  applied  to  all  the  permanently  elastic  fluids. 

The  transition  of  bodies  into  the  state  of  vapour  is  much 
influenced  by  mechanical  pressure,  which,  resisting  expan- 
sion, counteracts  that  enlargement  of  the  distance  between 
the  particles  at  which  cohesive  attraction  ceases  to  be 
exerted.  Hence  the  variations  in  the  boiling  point  of 
liquids,  according  to  the  pressure  under  which  heat  is  ap- 
plied to  them.  Water,  under  the  usual  atmospheric  pres- 
sure, boils  at  212°;  when  that  pressure  is  withdrawn  to  a 
great  extent,  it  boils  at  180°  : if,  on  the  contrary,  it  be 
heated  under  increased  pressure,  its  temperature  may  be 
much  elevated  \ in  a metallic  vessel  it  has  been  heated 
even  to  4-00°,  and  has  still  remained  in  the  liquid  form. 
Hence  too,  under  an  entire  absence  of  pressure,  every  li- 
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quid  evaporates,  the  quantity  being  less  as  it  is  less  vola- 
tile. Even  quicksilver,  which  is  one  of  the  least  volatile, 
there  is  reason  to  believe  passes  into  vapour  in  the  Tor- 
ricellian vacuum. 

The  transition  into  vapour  is  dependent  thus  ultimately 
on  temperature,  but  it  is  also  much  influenced  by  pres- 
sure 5 and  in  those  cases  where  a high  temperature  is  re- 
quired, the  change  is  not  limited  to  one  point,  but  takes 
place  more  or  less  considerably  through  a considerable 
range,  less  being  formed  as  the  temperature  is  low',  and 
less  too  as  the  pressure  is  greater.  Hence  the  quantity  of 
vapour  which  rises  from  a liquid  is  very  valuable  under 
these  circumstances.  Mr  Dalton,  from  an  experimental 
investigation,  found,  that  the  vapour  rising  from  water, 
and  remaining  in  contact  with  it  at  the  temperature  of 
212°,  sustains  a column  of  mercury  30  inches  in  height, 
or,  under  these  circumstances,  such  a quantity  of  vapour  is 
formed  as  exerts  this  force : at  122°,  or  the  mean  between 
212°  and  32,  it  sustains  a column  equal  to  3.5  inches,  and 
at  32  it  is  equal  to  .02  inches.  He  farther  investigated 
the  elastic  forces  of  the  vapours  from  other  liquids,  these  of 
course  being  greater  as  the  liquid  is  more  volatile  j and 
from  these  researches  he  concluded,  that  “ the  force  of 
vapour  from  all  liquids  is  the  same  at  equal  distances, 
above  or  below  the  several  temperatures  at  which  they 
boil  in  the  open  air  j”  so  that  the  forces  being  known  with 
regard  to  one  substance,  and  the  temperatures  at  which 
others  boil  being  ascertained,  compared  with  this,  the 
vapour  formed  from  each,  measured  by  its  elasticity,  may 
be  discovered.  More  lately  Mr  Dalton  has  inferred,  that 
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ail  vapours  in  contact  with  their  respective  liquids,  if  these 
are  homogeneous,  increase  in  elastic  force  in  geometrical 
progression  to  the  temperature  ; the  temperature,  however, 
being  measured  by  a scale,  divided  on  the  principle,  that 
the  expansion  of  the  thermometrical  fluid  is  as  the  square 
of  the  temperature  from  its  freezing  point, — a conclusion  of 
course  resting  altogether  on  the  truth  of  this  assumption. 

An  absorption  of  caloric,  producing  no  augmentation 
of  temperature,  attends  vapox-ization,  as  well  as  liquefaction, 
— an  important  general  fact,  to  be  afterwards  considered. 


From  the  different  tendencies  which  bodies  have  to 
pass  into  vapour,  we  ai-e  enabled  to  separate  them  from 
each  other  when  they  have  been  combixxed,  or  when  they 
become  products  of  chemical  action  ; and  peculiar  ar- 
rangements being  requisite  for  this  purpose,  constitute 
several  chemical  operations  relative  to  vaporization,  the 
consideration  of  which,  with  the  description  of  the  appa- 
ratus in  which  they  are  performed,  belongs  to  this  section. 

When  heat  is  applied  to  recover  a solid  substance  dis- 
solved in  a fluid,  without  any  arrangement  being  made  to 
collect  the  fluid,  the  operation,  which  is  named  Evapora- 
tion, is  performed  in  shallow  vessels,  which,  presenting  an 
extensive  surface,  proportioned  to  the  depth  of  liquor,  al- 
low it  to  be  quickly  heated,  and  the  vapour  to  escape 
without  any  resistance.  These  vessels  are  of  glass,  earthen- 
ware, or  metal,  according  to  the  nature  of  the  substances 
operated  on,  and  the  degree  of  heat  which  is  to  be  ap- 
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plied.  In  chemical  experiments  oil  a small  scale,  basons 
uf  glass,  or  of  Wedgwood’s  earthen-ware,  sometimes  also 
of  silver  or  platina,  are  used,  the  heat  being  applied  by 
the  medium  of  a sand-bath.  In  pharmacy  and  the  arts, 
they  are  more  frequently  constructed  of  iron  or  lead,  and 
the  heat  is  directly  applied. 

When  the  object  is  to  obtain  the  volatile  matter  by 
evaporation,  it  is  carried  on  in  close  vessels,  constructed 
so  as  to  collect  and  condense  the  vapour.  This  operation 
is  named  Distillation.  Different  kinds  of  distilling  appa- 
ratus are  employed,  adapted  to  different  puiposes. 

Where  the  process  is  conducted  on  a large  scale,  as  in 
the  distillation  of  ardent  spirits,  the  common  still,  made 
generally  of  copper,  is  employed.  The  construction  of 
this  has  usually  been  extremely  faulty.  Being  made  of  a 
considerable  depth,  proportioned  to  its  diameter,  a large 
body  of  liquor  is  to  be  heated,  while  comparatively  a small 
surface  is  exposed  to  the  fire,  and  hence  a waste  of  heat. 
And  the  tube  issuing  from  the  head  of  the  still,  and  con- 
veying the  vapour  into  the  spiral  tube  placed  in  the  refri- 
geratory, being  generally  narrow,  the  vapour  is  retarded, 
and  by  its  pressure  on  the  liquor  opposes  the  evaporation. 
In  this  country  the  construction  of  the  common  still  has, 
within  these  few  years,  received  great  improvements,  by 
the  skilful  application  of  the  principles  which  regulate  dis- 
tillation. The  height  of  the  still  of  the  new  construction 
is  inconsiderable,  compared  with  its  diameter,  and  the 
tube  is  so  wide  that  a free  escape  is  allowed  to  the  va- 
pour ; the  distillation  is  thus  performed  with  a rapidity 
which  would  formerly  have  been  thought  impracticable. 
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In  the  greater  number  of  chemical  operations,  metallic 
vessels  are  liable  to  be  acted  on,  and  hence  glass  or  earth- 
en vessels  generally  require  to  be  employed  in  distillation. 
The  Retort  or  conical  bottle,  the  neck  of  which  is  bent  at 
an  angle  of  about  60  degrees  A,  adapted  to  a receiver  B, 
(Fig.  1.  Plate  I.)  is  the  most  convenient  apparatus  of  this 
kind.  Sometimes  it  is  convenient  to  have  it  tubulated,  as 
in  Fig.  2.  A,  and  to  have  the  distance  between  it  and  the 
receiver  increased,  so  that  the  latter  may  be  kept  suffi- 
ciently cool,  by  an  intermediate  tube  or  adopter  B.  The 
heat  is  applied  to  it  by  the  medium  of  a water-bath  or 
sand-bath. 

In  some  cases  of  distillation,  the  product  is  not  entirely 
a vapour,  which  may  be  condensed,  but  there  is  disen- 
gaged an  elastic  fluid,  which  is  incondensible.  The  re- 
ceiver having  a bent  tube  issuing  from  it,  represented  by 
C,  l'  ig.  2.  is  employed  in  this  case  ; the  condensible  part  of 
the  product  is  collected  in  the  body  of  the  receiver,  and 
the  elastic  product  issuing  through  the  tube,  which  termi- 
nates in  a vessel  of  water,  may  be  collected  in  an  inverted 
bottle  or  jar. 

In  certain  cases,  the  product  designed  to  be  obtained  by 
distillation,  is  an  elastic  fluid,  not  condensible  by  itself, 
but  capable  of  being  condensed  by  being  transmitted 
through  water.  The  apparatus  invented  by  Woolfe,  Fig. 

^ employed  for  this  purpose.  It  consists  of  a series  of 
bottles,  A,  B,  C,  D,  connected  with  each  other  by  bent 
tubes,  and  connected  with  a retort  generally  by  the  me- 
dium of  an  adopter.  The  first  bottle  A is  designed  to 
collect  any  condensible  part  of  the  product.  In  the  other 
Vol.  I.  H 
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bottles,  water  is  placed  to  nearly  one-half  their  height,  repre- 
sented in  the  figure  by  the  dotted  line,  and  the  tube  passing 
from  the  one  into  the  other,  dips  into  the  water  of  the  bot- 
tle into  which  it  is  inserted.  The  gaseous  product  is  thus 
transmitted  through  the  water,  by  which  its  absorption  is 
promoted ; and  if  any  portion  is  not  absorbed  by  the  w a- 
ter,  it  passes  off  by  the  bent  tube  at  the  end,  and  may  be 
collected  in  an  inverted  jar,  in  a trough  ot  water.  Each 
of  the  bottles  except  the  first  has  a straight  tube,  which 
rises  to  the  height  of  8,  10  or  12  inches  above  its  insertion 
into  the  bottle,  and  passes  so  far  within  it  as  to  dip  in  the 
water  nearly  half  an  inch.  This  tube  is  termed  the  tube 
of  safety,  and  the  use  of  it  is  to  guard  against  that  reflux 
of  fluid  which  might  happen  from  a partial  vacuum  arising 
from  condensation  in  any  of  the  bottles,  the  air  having 
been  expelled  at  the  beginning  of  the  operation,  and  its 
place  supplied  by  vapour,  which  is  liable  to  condense ; the 
consequence  of  this  would  be,  that  the  water  being  more 
pressed  on  by  the  atmospheric  air  without,  than  by  the 
gas  within,  would  pass  backwards  from  one  bottle  to  an- 
other, by  rising  through  the  tubes,  as  from  1)  to  C and 
from  C to  B,  and  thus  the  whole  would  be  mingled  toge- 
ther. It  is  prevented  by  the.  tubes  of  safety,  as,  when  any 
such  partial  vacuum  happens,  the  atmospheric  air  is  forced 
through  the  small  quantity  of  liquid  in  which  they  arc  im- 
mersed, and  rising  into  the  bottles,  preserves  the  equili- 
brium. 

Various  improvements  have  been  made  in  this  appara- 
tus. One  defect  in  it  is,  that  we  cannot  have  the  advan- 
tage of  the  immersion  of  the  tube  which  comes  from  the 
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first  bottle  A into  the  liquid  in  the  second  B ; for  as  it  is 
designed  to  collect  the  condensible  product,  and  ought 
therefore  to  be  without  water,  it  can  have  no  tube  of  safe- 
ty ; and  hence,  if  the  tube  issuing  from  it  dip  into  the  li- 
quid in  the  second,  whenever  condensation  happens,  from 
the  gas  ceasing  to  be  produced,  the  liquor  will  pass  back- 
wards into  it.  The  contrivance  that  has  been  used  to  ob- 

$ 

viate  this,  is  the  tube  of  safety  of  Welther,  or  bent  tube 
with  an  additional  curvature,  and  a spherical  ball,  repre- 
sented Fig.  4.  as  intermediate  between  the  globular  re- 
ceiver A,  and  the  common  Woolfe’s  bottle  B,  and  con- 
necting them.  In  this  is  put  a small  quantity  of  water,  so 
as  to  rise,  when  the  pressure  without  and  within  is  equal, 
about  half  way  into  the  ball.  If  the  elasticity  is  increased 
in  the  internal  part  of  the  apparatus,  during  the  distilla- 
tion, by  the  production  of  gas,  the  water  is  pressed  up- 
wards to  the  funnel  at  the  top  ; if  there  is  a condensation, 
it  is  forced  by  the  atmospheric  pressure  into  the  ball,  but 
whenever  it  has  passed  the  curvature  beneath  the  ball,  it 
is  obvious  that  a portion  of  air  must  rise  through  it,  and 
will  pass  into  the  globe  or  bottle,  to  the  tube  of  whiijh  it  is 
adapted,  and  preserve  the  equilibrium.  This  tube  is  ra- 
ther inconvenient  in  its  form,  and  liable  to  be  broken, 
and  we  can  employ  no  great  pressure  with  it.  A simpler 
contrivance,  not  liable  to  these  inconveniences,  is,  having 
merely  a spherical  ball  in  the  long  leg  of  the  common 
bent  tube,  of  such  a size,  that  when  the  liquid  in  which 
the  extremity  of  the  tube  dips,  rises  into  it,  this  extremity 
will  no  longer  be  immersed,  but  a portion  of  the  air  will 

FI  2 


116 


OF  CALORIC. 


enter.  The  form  of  this  is  represented  in  the  tube  which 
comes  from  the  bottle  B,  Fig.  4. 

Another  imperfection  which  attends  the  common 
Woolfe’s  apparatus,  is  the  difficulty  of  adapting  the  tubes 
by  grinding,  so  that  it  is  necessary  to  secure  the  joinings 
by  lute.  I have  sought  to  remedy  this,  by  having  a tube 
fixed  or  soldered  when  the  bottle  is  made,  into  that  orifice 
into  which  the  long  leg  of  the  tube  from  the  preceding- 
bottle  is  to  enter,  of  such  a length  that  it  is  immersed  in 
the  liquor  within  the  bottle,  and  the  tube  which  enters  it 
having  a very  slight  curvature  at  its  extremity,  the  gas 
which  it  conveys  is  propelled  forward,  rises  through  the 
water,  and  passes  into  the  next  bottle  ; and  as  there  is  no 
difficulty  in  grinding  the  tubes  into  the  bottles/row  which 
they  issue,  the  whole  apparatus  is  easily  constructed  with- 
out the  necessity  of  lute.  There  is  another  form  ot  appa- 
ratus which  has  likewise  this  advantage,  in  which,  instead 
of  bottles,  globes  arc  employed,  from  which  a tube  issues, 
straight  at  the  neck,  so  that  it  can  be  fitted  by  grinding 
into  the  neck  of  the  globe  into  which  it  enters,  but  having 
such  a curvature,  that  the  extremity  of  it  dips  into  the  li- 
quid which  this  globe  contains.  This,  which  is  the  best  of 
these  forms  of  apparatus,  is  represented  Fig.  5. 

A liquid  obtained  by  distillation  is  sometimes  not  per- 
fectly pure,  or  it  is  dilute  from  the  intermixture  of  water 
that  has  been  elevated  in  vapour  along  with  it.  By  re- 
peating the  distillation  of  it  a second  or  third  time,  it  is 
rendered  more  pure  and  strong : and  the  process  is  then 
named  Rectification,  or  sometimes  Concentration. 


OF  CALORIC. 


117 


When  the  product  of  volatilization  is  a substance  which 
condenses  in  the  solid  form,  the  pi’ocess  is  named  Subli- 
mation ; and  as  such  products  are  in  general  easily  con- 
densed, a simple  apparatus  only  is  required.  The  alem- 
bic with  its  capital,  Fig.  18.  PI.  III.  is  generally  used. 
The  alembic  A is  merely  a conical  shaped  vessel  of  glass, 
in  which  the  materials  are  put,  and  exposed  to  heat  in  a 
sand-bath,  the  sublimate  condensing  in  the  upper  part  of 
it,  and  forming  a crust  on  its  sides.  The  capital  B is  a- 
dapted  to  its  mouth  to  prevent  the  escape  of  the  vapour  ; 
a small  groove  or  channel  runs  in  the  under  part,  termi- 
nating in  a tube  projecting  from  it,  by  which  any  liquid  is 
collected  and  prevented  from  running  down  or  dropping- 
on  the  sides  of  the  alembic. 

A peculiar  apparatus  is  required  for  operating  on  aerial 
fluids,  which  remains  to  be  described. 

The  Pneumatic  Trough  is  the  principal  part  of  this  ap- 
paratus. It  is  a trough,  made  of  wood,  lined  with  lead, 
generally  of  an  oval  form,  about  6 inches  deep,  from  20  to 
24  in  length,  and  at  the  greatest  breadth  15  inches;  a 
moveable  shelf  being  placed  in  it,  at  the  depth  of  2 inches 
from  the  edge,  in  the  longest  direction,  so  as  to  occupy 
one-half  of  the  breadth,  as  is  represented  in  Fig.  7.  If  a 
glass  jar  be  filled  with  water,  and  placed  inverted  on  this 
shell,  the  trough  being  filled  with  water  to  the  edge,  it  is 
obvious  that  the  mouth  of  the  inverted  jar  being  sur- 
rounded with  water,  the  water  within  it  will  be  sustained 
by  the  pressure  of  the  atmosphere.  If,  while  thus  filled, 
the  extremity  of  a retort,  disengaging  gas,  be  placed  under 
it,  as  represented  Fig  6.  or  if  another  inverted  jar,  con- 
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taining  any  air,  be  turned  up,  under  the  mouth  of  it,  aa- 
vanced  a little  over  the  shelf,  the  elastic  fluid  rises  through 
the  water,  displaces  it,  and  is  collected  in  the  jar  •,  and 
while  tne  mouth  of  this  jar  continues  surrounded  with  wa- 
ter, the  included  air  cannot  escape,  nor  will  the  atmosphe- 
ric air  find  access  to  it.  In  this  way,  aeriform  fluids  can 
be  collected,  preserved,  and  easily  submitted  to  experi- 
ment. Some  of  them,  however,  are  rapidly  absorbed  by 
water.  These  must  be  received  and  kept  over  quick- 
silver j and  as  this  fluid  is  expensive,  and  inconvenient 
from  its  weight,  a smaller  trough  is  employed,  either  hol- 
lowed out  of  marble,  or  of  a solid  block  of  hard  wood. 
This  is  represented  Fig.  8.  with  an  addition  which  is  con- 
venient,— a small  rod  fixed  in  the  wooden  standard  on 
which  the  trough  is  placed,  which,  by  a ring  attached  to 
it  by  a sliding  arm,  serves  to  support,  without  any  risk, 
the  jar  filled  with  quicksilver,  and  placed  on  the  shell. 

The  other  principal  part  of  the  apparatus,  for  operating 
on  the  gases,  is  the  Gazometer,  designed  to  contain  gases, 
so  that  measured  quantities  can  be  withdrawn.  One  ot 
the  most  simple  forms  of  it,  and  which  answers  sufficient- 
ly for  all  common  experiments,  is  that  represented  Fig.  15; 
It  is  made  of  tinned  iron,  the  surfaces  of  which  are  japan- 
ned, and  consists  of  two  principal  parts  ; a vessel  A,  some- 
what bell-shaped,  which  is  designed  to  contain  the  gas, 
and  a cylindrical  vessel  of  rather  greater  depth,  B,  in 
which  die  former  is  placed,  and  which  is  designed  to  con- 
tain the  water  by  which  the  gas  is  confined.  To  diminish, 
-however,  the  quantity  of  water,  this  cylindrical  vessel  has 
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a cone  within  it,  also  of  japanned  tinned  iron,  C,  adapted 
to  the  shape  of  the  gas-holder,  so  that  this  latter,  when 
pushed  down,  slides  between  this  and  the  cylindrical  ves- 
sel, and  a small  quantity  of  water  fills  up  the  space  between 
them.  The  vessel  designed  to  contain  the  gas,  is  suspend- 
ed by  cords  hung  over  pulleys,  to  which  weights  are  at- 
tached, so  as  to  counterpoise  it.  From  a stop-cock  at  the 
under  part  of  the  apparatus,  D,  there  runs  a tube  under 
the  cylinder,  which  rises  and  passes  through  the  cone,  the 
opening  by  which  it  passes  being  soldered  so  as  to  be  air- 
tight : it  terminates  by  an  open  mouth  at  the  upper  part 
of  the  bell-shaped  vessel  A.  This  tube,  at  the  part  where 
it  is  bent  at  right  angles,  to  ascend  as  has  been  described, 
is  connected  with  another  which  also  runs  under  the  bot- 
tom, and  ascends  on  the  outside,  terminating  in  the  stop- 
cock E,  so  that  from  the  one  stop-cock  to  the  other, 
through  the  gas-holder,  there  is  an  uninterrupted  passage. 
When  the  instrument  is  to  be  used,  the  stop-cock  E is 
opened,  and  the  vessel  A pressed  down,  a sufficient  quan- 
tity ol  water  being  in  the  outer  cylinder  ; the  air  of  the 
vessel  is  forced  out  by  the  pressure,  and  its  place  is  occu- 
pied by  the  water  in  which  it  is  thus  immersed.  When 
this  is  effected,  the  stop-cock  is  closed,  and  now,  if  we 
wish  to  introduce  any  gas  into  the  apparatus,  a bent  fun- 
nel, the  mouth  of  which  is  placed  in  a vessel  of  water,  is 
attached  to  the  tube  of  the  stop-cock  D,  as  represented  in 
the  figure,  and  the  stop-cock  is  opened.  If  the  extremity 
of  a retort,  or  of  a tube  conveying  gas,  as  represented  in 
the  figure,  terminate  below  the  orifice  of  the  funnel,  tint 
gas  will  rise  along  the  tube,  will  ascend  to  the  top  of  the 
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gas-hokler,  and  this  being  counterpoised,  will,  as  the  gas 
enters,  rise  in  the  water,  until  it  is  filled,  a quantity  of  wa- 
ter remaining  around  the  mouth  of  it,  by  which  the  air  is 
confined.  When  we  wish  to  expel  the  gas,  the  stop-cock 
at  D is  closed,  that  at  E is  opened,  a flexible  tube  is  adapt- 
ed to  it,  and  the  gas-holder  being  pressed  down,  either  by 
the  hand,  or  by  its  own  weight  from  the  removal  of  the 
counterpoising  weights,  a stream  of  gas  issues  from  the 
extremity  of  the  flexible  tube,  and  may  be  transferred  in- 
to a jar,  or  be  applied  to  any  other  purpose,  and  its  quan- 
tity may  be  measured  by  the  instrument  being  graduated 
by  a scale  marked  on  the  brass  rod  F. 

The  instrument  connected  with  the  gazometer  in  the 
plate,  Fig.  1G.  is  a convenient  one  for  procuring  gases  from 
any  solid  substance,  by  the  application  of  a strong  heat. 
It  is  an  iron  bottle  A,  into  which  is  fitted,  by  grinding,  a 
tube  bent  at  an  acute  angle.  To  this  a smaller  tube  is 
adapted,  the  extremity  of  which  can  be  adjusted  to  various 
heights,  by  a circular  joint  in  the  middle  of  it,  at  b.  Tire 
bottle  containing  the  materials  from  which  the  elastic  fluid 
is  to  be  disengaged,  is  placed  in  a furnace,  or  in  a com- 
mon fire,  so  as  to  be  raised  to  a sufficient  heat ; the  gas  is- 
sues at  the  extremity,  and  may  be  conveyed  into  the  ga- 
zometer, or  received  in  an  inverted  jar  on  the  shelf  of  the 
pneumatic  trough.  At  the  end  of  the  operation,  the  gas 
ceasing  to  be  produced,  as  the  heat  diminished,  the  water 
would  be  pressed  into  the  tube,  and  might  rise  into  the 
bottle,  if  the  joinings  were  not  opened.  The  easiest  way 
of  obviating  this,  is  by  having  a small  stop-cock  in  the 
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tube  as  at  c,  which  may  be  opened  when  the  production  of 
the  gas  has  ceased. 

When  a gas  is  extricated,  in  consequence  of  chemical 
action,  with  the  application  only  of  a moderate  heat,  the 
flask  or  cucurbit,  with  a bent  tube  ground  to  it,  Fig.  19. 
is  the  most  convenient. 

In  all  accurate  experiments  on  gases,  it  is  of  importance 
that  the  quantities  should  be  determined  with  precision  j 
and  as  to  weigh  the  gases  requires  a very  delicate  and 
complicated  apparatus,  and  is  troublesome  in  the  execu- 
tion, chemists  measure  them  by  their  volumes,  and  find 
their  weights  by  a reference  to  the  tables  of  their  specific 
gravities  which  have  been  constructed.  Hence  jars  gra- 
duated into  cubic  inches  and  tenths  are  convenient,  as  are 
also,  in  other  cases,  jars  graduated  into  equal  arbitrary 
parts,  as  represented  Fig.  20.  In  thus  estimating  the 
weights  of  gases  from  their  volumes,  several  circumstances 
require  to  be  attended  to,  particularly  the  temperature  and 
the  pressure.  Elastic  fluids  being  so  expansible,  it  is  ob- 
vious that  a considerable  change  in  their  specific  gravity 
will  be  made,  by  a trivial  alteration  of  temperature  •,  the 
volumes  therefore  arc  always  reduced  to  the  standard  tem- 
perature of  54.5,  at  which  their  specific  gravities  arc  as- 
certained. It  is  also  necessary  to  attend  to  the  varying 
pressure,  whether  of  the  atmosphere,  or  of  any  fluid  in 
which  the  vessel  containing  the  gas  may  be  placed.  The 
weight  of  the  gases  is  fixed  at  the  mean  barometrical  pres- 
sure 2.9. 85  inches  of  mercury  ; and  if  the  atmospheric  pres- 
sure vary  from  this,  the  correction  by  which  it  is  reduced 
to  the  standard  is  to  multiply  the  real  pressure,  under 
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which  1 ho  gas  is,  by  the  volume  of  the  gas,  divide  the  pro- 
duct by  the  mean  barometrical  pressure,  and  the  quotient 
is  the  volume  under  that  pressure.  The  effect  of  the  pres- 
sure of  the  fluid  surrounding  the  jar,  is  most  easily  obvia- 
ted, by  bringing  it,  where  this  can  be  done,  to  the  same 
height  without  and  within,  or  if  not  making  the  necessarv 
correction  according  to  its  height  and  specific  gravity- 

Of  Jgjiilioii. 

The  effects  arising  from  the  operation  of  Caloric,  hi- 
therto considered, — Expansion,  Fluidity  and  Vaporiza- 
tion, may  be  regarded  as  different  degrees  of  one  more  ge- 
neral effect, — the  increase  which  it  occasions  in  the  dis- 
tances of  the  particles  of  bodies.  Ignition,  or  Incandes- 
cence, cannot  be  referred  to  this  cause,  and  it  has  appa- 
rently no  connection  with  the  others. 

By  Ignition  is  meant  that  illumination  or  emission  of 
%ht,. produced  in  bodies  by  exposing  them  to  a high  tem- 
perature, and  which  is  not  accompanied  by  any  other  che- 
mical change.  It  is  distinguished  from  combustion,  a pro- 
cess in  which  there  is  also  the  emission  of  light  and  heat, 
by  being  the  effect  of  the  high  temperature  alone  ; while 
combustion  is  a process  depending  on  the  action  of  the 
air,  of  which  certain  substances  only  are  susceptible,  and 
which,  when  the  process  has  ceased,  cannot  be  renewed  in 
the  residual  matter.  Ignition  is  wholly  independent  of  the 
air  ; all  bodies,  at  least  all  solid  and  liquid  substances,  are 
susceptible  of  it ; and  if  it  has  ceased  from  a reduction  of 
temperature,  it  may  be  renewed  by  the  temperature  being 
raised. 
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Ignition  appears  to  take  place  in  all  bodies  at  the  same 
temperature.  This  is  not  far  distant  from  700°  of  Fah- 
renheit. Quicksilver  boils  at  a temperature  corresponding 
with  672°  of  Fahrenheit,  and  it,  even  when  observed  in 
the  dark,  does  not  while  boiling  appear  luminous.  Dr  Ir- 
vine, from  the  heat  which  iron  communicates  to  water, 
endeavoured  to  determine  the  temperature  ; the  heat  of  a 
common  fire  he  found  to  be  about  790°  •,  hence,  the  com- 
mencement of  ignition  must  be  between  this  and  the  boil- 
ing point  of  quicksilver.  Wedgwood  had  fixed  it  at  947°, 
by  measuring  the  expansions  of  silver  in  a pyrometrical 
gage  : these  being  probably  progressive  with  regard  to 
temperature,  would  lead  to  the  fixing  it  rather  too  high. 

In  the  first  stage  of  ignition,  the  red  rays  of  light  only 
are  given  out ; as  the  temperature  is  raised  there  is  an  in- 
termixture of  others ; and  at  the  highest  stage  of  ignition, 
there  is  the  due  proportion  which  constitutes  white  light. 
This  continues  undiminished  as  long  as  the  temperature  is 
kept  up. 

The  aeriform  fluids  cannot  be  brought  into  a state  of  ig- 
nition, or  rather  cannot  be  rendered  luminous,  for  at  the 
due  temperature  their  particles  are  probably  ignited,  but 
from  their  rarity  a sufficient  number  of  rays  are  not  emit- 
ted from  a given  space  to  produce  the  sensation  of  vision. 
If  a solid  body  be  suspended  in  air  at  this  temperature,  it 
accordingly  is  soon  rendered  luminous. 

Ignition  is  produced  by  friction  and  percusssion  as  well 
as  by  the  communication  of  heat : a piece  of  glass,  for  ex- 
ample, can  be  rendered  red  hot  by  being  pressed  against 
a wheel  of  grit-stone  made  to  revolve  quickly ; and  the 
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spark  struck  from  a flint  by  steel  is  a similar  example. 
The  ignition  in  these  cases  is  probably  produced  by  the 
high  temperature  which  the  attrition  or  percussion  ex- 
cites. 

T.  he  theory  of  the  production  of  ignition  remains  ob- 
scure j tor  it  is  not  very  obvious,  how  the  raising  the  tem- 
perature of  bodies  should  cause  them  to  emit  light. 
It  has  been  supposed  that  the  caloric  is  converted  into 
light ; but  we  have  no  proof  of  the  possibility  of  this  con- 
version, and,  if  it  were  possible,  no  cause  is  assigned,  why 
it  should  take  place  at  the  temperature  of  ignition.  A 
more  probable  opinion  is,  that  the  heat,  by  its  repulsive 
agency,  expels  the  light  which  the  body  contains  ; though 
with  regard  to  this,  also,  there  is  the  difficulty  of  account- 
ing for  the  emission  of  light  for  an  unlimited  time.  Where, 
however,  the  ignition  is  excited  by  the  communication  of 
heat,  light  is  always  communicated  at  the  same  time; 
where  it  is  excited  by  attrition  or  percussion,  it  is  not 
proved  that  the  ignited  state  can  be  preserved  indefinite- 
ly ; and,  if  it  were,  there  is  the  same  difficulty  in  this  case 
with  regard  to  the  unlimited  evolution  of  caloric  as  of 
light.  T he  subject  will  not  be  elucidated,  until  the  relation 
between  these  two  powers,  at  present  so  obscure,  is  better 
known. 
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Sect.  III. — Of  llic  Communication  and  Diffusion  of 

Caloric. 

All  bodies  are  permeable  to  caloric,  and  its  uniform 
tendency  is  to  diffuse  itself  over  matter,  until  an  equili- 
brium of  temperature  is  established.  If  a body,  therefore, 
at  a high  temperature  be  placed  in  the  neighbourhood  of 
others  at  a lower,  its  excess  of  caloric  passes  off  from  it, 
until  it  arrive  at  the  temperature  of  those  around  it ; or, 
if  a cold  body  is  placed  among  others  that  are  hot,  it  re- 
ceives caloric  until  its  temperature  rise  to  an  equality  with 
theirs.  This  propagation  of  caloric  takes  place,  even 
through  the  torricellian  vacuum,  and  hence  is  evidently 
principally  owing  to  its  repulsive  power,  though,  as  it  is 
also  influenced  by  the  nature  of  the  medium  in  which  it 
takes  place,  it  depends,  too,  in  part  on  some  relation  of 
the  bodies  which  receive  or  part  with  it  to  this  power. 

This  diffusion  of  caloric  takes  place  in  two  modes. 
From  a heated  body  a portion  of  caloric  is  always  com- 
municated to  the  matter  in  contact  with  it,  and  is  diffused 
through  that  matter  with  a certain  degree  of  celerity. 
But,  besides  this,  a portion  is  projected  from  its  surface  in 
right  lines  with  great  velocity,  and  to  considerable  dis- 
tances. The  diffusion  of  caloric,  therefore,  must  be  con- 
sidered under  these  two  modes*  of  radiation,  and  slow  com- 
munication. 
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Of  the  Slow  Communication  of  Caloric. 

Caloric,  when  communicated  by  bodies  to  the  matter 
with  which  they  are  in  contact,  is  given  out  by  them  with 
different  degrees  of  celerity,  and  is  received  by  them  with 
similar  differences.  There  is  a similar  difference  in  the 
celerity  with  which  it  is  diffused  through  them.  Some, 
therefore,  quickly  assume  the  temperature  of  the  sur- 
rounding bodies,  and  allow  of  this  temperature  being 
quickly  established  through  their  whole  mass,  while  others 
do  so  much  more  slowly. 

The  property,  in  consequence  of  which,  bodies  thus  re- 
ceive caloric,  allow  it  to  b6  conveyed  through  their  sub- 
stance, and  part  with  it  to  others,  is  named  their  Conduct- 
ing power.  Those  which  receive  and  part  with  caloric 
quickly,  are  those  also  through  which  it  is  diffused  most 
speedily ; and  they  are  considered  as  better  conductors 
than  those  in  which  the  same  effects  are  more  slowly  pro- 
duced. In  this  property  there  are  great  differences,  there 
being  scarcely  two  bodies  from  or  through  which  caloric 
is  communicated  with  equal  facility.  . 

This  property  can  scarcely  be  connected  with  any  of 
the  physical  qualities  of  bodies.  There  is,  indeed,  a gene- 
ral relation  between  it  and  their  density;  those  which 
are  dense,  as  the  metals,  being  the  best  conductors ; and 
those  which  have  much  rarity  conducting  much  less 
perfectly.  But  in  examining  more  minutely  the  degrees 
of  conducting  power,  we  do  not  find  that  they  are  propor- 
tional to  the  densities,  even  among  those  bodies  which  have 
a similar  nature,  as  among  the  different  metals.  In  sub- 
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stances  which  are  very  porous,  and  in  the  interstices  of 
which  a quantity  of  air  is  lodged,  the  conducting  power  is 
verv  imperfect,  which  appears  to  be  owing  principally  to 
the  air  being  a bad  conductor,  and  to  its  motion,  by  which 
it  might  distribute  caloric  more  quickly,  being  impeded 
by  the  force  with  which  it  is  retained. 

It  is  to  this  cause,  that  the  imperfect  conducting  power 
of  fur,  flannel,  and  other  similar  substances  is  owing,  and 
on  this  depends  their  utility  as  articles  of  clothing,  in  pre- 
venting the  abstraction  of  warmth. 

o 

To  this  difference,  too,  in  conducting  power,  is  owing 
the  difference  in  the  sensation  either  of  heat  or  cold,  ex- 
cited by  dilferent  bodies  applied  to  our  organs  of  sense, 
when  the  thermometer  shews  their  temperature  the  same. 
Those  which  part  with  caloric  most  readily  will  be  those 
which,  when  applied  hot,  will  give  the  greatest  sensation  of 
heat ; and  the  same  bodies,  being  those  which  receive  calo- 
ric most  readily,  will  be  those  which,  when  cold,  will  ab- 
stract it  most  rapidly,  and  will  therefore  produce  in  great- 
est intensity  the  sensation  of  cold. 

Many  useful  applications  are  made  of  this  difference  in 
conducting  power,  as  in  the  various  arrangements  to 
prevent  the  waste  of  heat  in  chemical  operations,  or  to 
guard  against  the  effects  which  arise  from  sudden  altera- 
tions of  temperature. 

The  communication  of  temperature  through  liquids,  is 
much  accelerated  by  their  mobility  j the  portion  directly 
receiving  heat  having  its  density  diminished,  unless  it  oc- 
cupy the  surface  changes  its  place  •,  it  is  succeeded  by  an- 
other portion  heated  in  its  turn,  and  thus  a circulation  ic 
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established  through  the  whole  mass  of  liquid,  by  which 
the  increased  temperature  is  much  sooner  established 
than  it  would  be,  were  the  caloric  communicated,  as  in  so- 
lids, merely  from  one  particle  to  another. 

Rumford,  from  some  observations  on  the  rapidity  of 
the  currents  in  a liquid  heating  or  cooling,  and  on  the  slow- 
ness with  which  a liquid  is  heated  or  cooled  when  these 
are  prevented,  advanced  the  opinion,  that  it  is  by  these 
motions  that  the  uniformity  of  temperature  in  a liquid  is 
established,  and  that  liquids  in  themselves  are  non-con- 
ductors of  caloric,  or  are  incapable  of  communicating  it 
from  one  particle  to  another.  In  support  of  this  opinion, 
he  brought  forward  a series  of  experiments  designed  to 
prove  more  distinctly,  that  when  the  motions  of  a mass  of 
fluid  are  impeded,  the  transmission  of  caloric  is  extremely 
slow.  He  also  endeavoured  to  establish,  what  would  have 
demonstrated  the  truth  of  his  opinion,  that  increased  tem- 
perature cannot  be  communicated  from  the  surface  of  a li- 
quid, downwards  to  the  rest  of  the  mass.  But,  in  all  his 
experiments,  the  results  are  either  inconclusive,  or  require 
so  many  assumptions  to  render  them  otherwise,  that  the 
opinion  remained  extremely  problematical.  The  princi- 
pal fact  from  which  the  question  can  be  decided,  that  re- 
lating to  the  communication  of  temperature  through  a 
fluid  from  its  upper  surface,  has  been  made  the  subject  of 
experiment  by  various  chemists,  and  in  all  of  these  the 
communication  has  been  proved  to  take  place.  There  is 
one  source  of  fallacy,  indeed,  attending  the  experiment, 
from  the  conducting  power  of  the  vessel  containing  the 
liquid  which  may  convey  a portion  of  caloric,  and  com- 
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municate  it  to  the  under  portions  of  the  liquid.  But, 
when  this  is  guarded  against  by  various  arrangements,  or 
still  more  effectually  by  making  the  experiment  at  the 
temperature  of  32  c , and  in  a vessel  of  ice,  which  not  be- 
ing capable  of  having  its  temperature  raised  above  that 
point,  is  of  course  incapable  of  communicating  any  high- 
er temperature,  still  the  same  general  result  is  obtain- 
ed, a result  which  sufficiently  establishes  the  conducting 
power  of  liquids. 

This  conducting  power,  there  is  reason  to  believe,  how- 
ever, is  not  very  considerable,  since  from  the  very  mobili- 
ty of  a liquid,  a particle  of  it,  when  heated,  recedes  from 
the  others,  and  yields  the  caloric  it  had  received  less 
readily ; and  hence  caloric  is  diffused  through  liquids, 
principally  by  the  motions  produced  by  the  changes  of 
density  they  suffer  from  changes  of  temperature.  Still  we 
can  discover  in  liquids  different  degrees  of  conducting 
power  : thus,  quicksilver  takes  the  temperature  of  any  bo- 
dy with  which  it  is  in  contact,  and  admits  of  this  tempera- 
ture being  uniformly  established  through  its  mass,  much 
more  quickly  than  water  or  alkohol a difference  which 
cannot  be  ascribed  to  its  being  more  expansible  or  more 
mobile,  for  neither  of  these  is  the  fact,  and  which  must 
therefore  be  referred  to  superior  conducting  power, — asu-  . 
periojjty  in  conformity  to  the  general  fact,  that  metals 
conduct  caloric  better  than  other  substances. 

A similar  opinion  was  advanced  with  regard  to  aerial 
fluids, — that  they  also  are  non-conductors.  It  rested  on 
observations  and  experiments  still  less  conclusive  than 
those  adduced  to  establish  the  non-conducting  power 
Voi,.  I.  i 
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of  liquids  ; and  the  same  conclusion  that  they  are  only  im- 
perfect conductors,  is  probably  to  be  drawn  with  regard 
to  them.  We  can  even  observe  differences  in  the  con- 
ducting power  of  different  gases.  Thus  humid  air 
conducts  caloric  better  than  dry  air,  and  hence  the  great- 
er sensation  of  cold  we  experience  from  it  when  at  a low- 
temperature.  Mr  Leslie  has  found,  too,  that  bodies  cool, 
wuth  different  degrees  of  celerity  in  different  elastic  fluids, 
which  he  infers  is  owing  to  these  having  different  con- 
ducting powers. 

It  is  by  the  movements  of  fluids  elastic  and  non-elastic, 
that  caloric  is  distributed  with  more  uniformity  in  nature, 
and  that  the  temperature  of  the  globe  is  preserved  more 
equable  than  it  otherwise  would  be.  The  atmosphere, 
when  heated  at  the  earth’s  surface,  is  expanded,  becomes 
lighter,  and  recedes  from  it  to  the  upper  regions.  An 
ascending  current  is  thus  formed,  wherever  the  earth  is 
much  heated,  which  is  replaced  by  cold  air  flowing  at  the 
surface,  and  this  prevents  that  progressive  augmentation 
of  temperature  which  would  otherwise  happen.  The  | 
warm  air  is,  from  the  constant  ascending  current,  propell- 
ed  to  colder  regions,  where  it  yields  its  excess  ol  heat.  A ^ 
similar  agency,  though  to  a less  extent,  is  exerted  by  the 
water  of  the  ocean.  When  cooled  at  the  surface,  it  be- 
comes heavier  and  descends;  and,  from  its  saline  impreg- 
nation, this  continues  to  take  place  to  a lower  temperature 
than  if  it  were  fresh.  A portion  of  warmer  water  of  course  a- 
scends,  and  from  the  great  depth  of  the  ocean  this  circulation  1 
continues,  communicating  warmth,  and  the  water  at  fliel 
surface  does  not  freeze,  except  in  latitudes  where  the  most  1 
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intense  cold  prevails.  From  these  movements  it  is  not 
impiobable  that  there  is  a general  circulation  in  the 
ocean,  as  there  is  in  the  atmosphere  ; the  water  which  has 
descended  in  colder  regions  spreading  on  the  bottom  of 
the  sea,  flows  towards  the  equator,  which  must  produce  a 
current  at  the  surface  in  an  opposite  direction,  and  thus 
the  heat  of  the  torrid  zone  may  be  moderated,  as  well  as 
the  cold  of  the  polar  circle. 

Of  the  Radiation  of  Caloric. 

Besides  the  caloric,  which  a body  in  cooling  communi- 
cates to  the  matter  with  which  it  is  in  contact,  a portion 
is  thrown  from  its  surface  in  right  lines,  moving  with 
great  velocity,  capable  of  being  rendered  sensible  at  a 
considerable  distance,  and  obeying  the  same  laws  of  mo- 
tion as  the  rays  of  light.  This  forms  the  radiation  of  ca- 
loric. It  was  observed  more  than  a century  ago,  by  Ma- 
riotte,  and  also  by  Lambert ; and  within  a later  period,  it 
lias  been  investigated  by  Scheele,  Saussure,  and  Pictet, 
Herschcl,  and  Leslie. 

The  experiment  in  which  this  radiation  of  caloric  is  best 
displayed,  consists  in  placing  a hot  body,  as  a heated  ball 
ol  iron,  in  the  focus  of  a concave  metallic  mirror,  opposite 
to  which,  at  the  distance  of  10  or  12  feet,  is  placed  asimi- 
lai  mirror,  having  the  ball  of  an  air  thermometer  in  its 
locus  . I he  moment  the  hot  body  is  introduced,  the  op- 

1 he  differential  air  thermometer  is  well  adapted  to  shew 
these  effects,  and  to  allow  all  the  facts  with  regard  to  the  radia- 
tion of  caloric  to  be  determined  with  much  accuracy.  It  was 
applied  to  this  purpose  by  Mr  Leslie. 
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posite  thermometer  indicates  elevation  of  temperature,  the 
air  in  its  ball  being  expanded,  and  pressing  on  the  liquid  so 
as  to  cause  it  to  descend.  If  the  hot  body  be  withdrawn,  or  a 
skreen  be  interposed  between  the  mirrors,  the  temperature 
falls,  and  the  liquid  in  the  thermometer  rises  to  its  former 
height.  In  this  experiment,  there  has  been  projected  a 
calorific  matter  from  the  heated  body,  on  the  sui  face  of 
the  mirror  in  the  focus  of  which  it  is  placed } this  has 
been  reflected  in  right  lines  from  the  surface  of  this  mir- 
ror to  the  one  opposed  to  it,  it  is  again  reflected  fiom  the 
surface  of  that  mirror,  and  is  collected  in  its  focus  where 
it  produces  a heating  effect. 

The  effect  is  similar  with  a single  mirror.  If  a hot  bo- 
dy be  placed  before  its  concave  surface,  at  the  distance  of 
a few  feet,  and  a thermometer  be  placed  in  its  focus,  rays 
of  caloric  are  projected  from  the  hot  body,  and  are  re- 
flected from  the  surface  of  the  mirror  on  the  thermometer, 
producing  elevation  of  temperature. 

That  it  is  not  the  contiguity  of  the  hot  body  to  the 
thermometer  that  produces  the  effect  in  these  experiments, 
is  well  shewn,  not  only  by  the  distance  at  which  it  hap- 
pens, but  also  by  moving  the  thermometer  a little  out  of 
the  focus,  even  nigher  to  the  heated  surface,  when  its 
temperature,  if  it  had  been  previously  raised,  immediately 
falls. 

The  rise  of  temperature  produced  by  this  radiation  is 
greater,  the  hotter  the  body  is  from  which  it  takes  place. 
In  using  the  apparatus  of  the  double  mirrors,  and  placing 
in  the  focus  of  one  of  them  a ball  ol  iron,  two  inches  in 
diameter,  at  an  obscure  red  heat,  the  elevation  produced 
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in  a thermometer,  in  the  focus  of  the  other  mirror,  at  the 

\ 

distance  of  12  feet,  is  equal  to  about  20  degrees  of  Fah- 
renheit’s scale.  From  a glass  matrass,  containing  about 
two  ounces  of  water  boiling,  it  does  not  exceed  three  de- 
grees. From  burning  charcoal,  the  heat  is  such,  that  it 
can  set  fire  to  a burning  body  at  the  distance  of  several 
feet. 

The  velocity  with  which  radiant  caloric  moves,  is  not 
capable  of  being  measured  at  any  distance  at  wdiich  we 
can  make  the  experiment.  In  an  experiment  by  Pictet, 
the  effect  appeared  instantaneous  at  the  distance  of  69 
feet.  It  appears  to  pass  through  the  atmosphere  without 
interruption  ; nor,  according  to  Scheele’s  experiments,  is 
its  direction  changed  by  a current  of  air.  It  is  stopped, 
however,  by  liquids,  even  the  most  transparent. 

Glass  also  intercepts  a large  portion  of  it.  If  a plate  of 
clear  glass  be  interposed  half  way  between  the  two  mir- 
rors, a hot  body  being  in  the  focus  of  the  one,  and  the 
ball  of  a thermometer  in  the  focus  of  the  other,  the  effect 
on  the  thermometer  is  nearly  entirely  intercepted.  The 
rays  of  caloric  thrown  on  the  glass,  instead  of  passing- 
through  it,  are  absorbed  by  it.  This  result  affords  a me- 
thod of  separating  the  rays  of  caloric  from  the  rays  of 
light,  when  they  accompany  each  other.  Thus,  if  a burn- 
ing candle  be  placed  in  the  focus  of  the  mirror,  and  a 
plate  of  glass  interposed,  a luminous  image  is  formed  on 
the  ball  of  the  thermometer  in  the  opposite  focus,  from 
the  light  passing  through  the  glass,  but  the  calorific  effect 
is  greatly  diminished,  by  the  rays  of  caloric  being  arrest- 
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ed,— a fact  which  shews  well  the  essential  difference  be- 
tween radiant  caloric  and  light. 

Some  bodies  are  more  disposed  to  absorb  radiant  calo- 
ric than  others,  and  hence  are  much  more  heated  by  it. 
Scheele  observed,  that  when  a glass  mirror  is  used  instead 
of  a metallic  one,  the  heat  is  not  reflected,  but  is  absorbed 
and  retained  by  the  glass  ; and  the  result  is  similar,  if  a 
metallic  mirror  have  its  surface  blackened.  Pictet  found, 
that  when  the  glass  bulb  of  the  thermometer  is  blackened, 
it  is  considerably  more  heated  than  when  it  is  clean.  But 
if  the  bulb  be  covered  with  tinfoil,  the  reverse  happens,  or 
the  elevation  of  temperature  is  much  less  than  when  the 
glass  bulb  is  opposed  to  the  mirror. 

° The  power  of  reflecting  the  rays  of  caloric  is  of  course 
the  reverse  of  the  absorbing  power.  Metals  reflect  most 
perfectly,  hence  the  calorific  effect  is  greatest  in  these  ex- 
periments when  metallic  mirrors  are  employed ; it  is  less 
with  a glass  mirror,  and  is  scarcely  sensible  when  the  sur- 
face is  blackened.  It  is,  for  the  same  reason,  least  when 
the  ball  of  the  thermometer  has  a metallic  surface,  is 
greater  when  of  glass,  and  still  greater  when  blackened. 

An  important  difference  exists  among  bodies  in  the 
power  of  radiating  caloric,  the  quantity  thrown  from  dif- 
ferent kinds  of  surfaces  at  the  same  temperature  being- 
very  different.  For  the  knowledge  of  this,  we  arc  indebt- 
ed to  Mr  Leslie.  ' The  apparatus  he  employed  to  deter- 
mine it  is  very  simple.  It  is  a canister  of  tinned  iion  in 
the  form  of  a cube,  tlic  side  being  six  or  eight  inches 
Square  ; this  is  filled  with  hot  water,  a thermometer  being 
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inserted  in  it,  to  shew  the  temperature  during  the  con- 
tinuance of  the  experiment.  The  sides  of  the  canister 
are  variously  prepared  ; one,  for  example,  is  blackened, 
another  is  covered  with  paper,  a third  has  a plate  of  glass 
applied  to  it,  and  the  fourth  is  left  clean.  When  thus 
prepared,  it  is  placed  before  the  concave  surface  of  a mir- 
ror of  tinned  iron,  at  the  distance  of  three  or  four  feet ; 
the  ball  of  the  differential  thermometer  being  adjusted  to 
the  focus.  All  these  surfaces  being  equally  under  the  in- 
fluence of  the  hot  water  in  the  canister,  are  at  the  same 
temperature,  and  their  comparative  powers,  in  radiating 
caloric  at  a given  temperature,  can  be  ascertained.  In 
this  respect  they  differ  widely ; as  an  average  it  may  be 
stated,  that  the  calorific  effect  from  the  blackened  surface 
being  100,  that  from  the  paper  is  98,  from  the  glass  90. 
and  from  the  clean  metal  not  more  than  12. 

It  thus  appears,  that  those  surfaces  most  disposed  to 
absorb  radiant  caloric,  when  it  is  thrown  upon  them,  are 
those  likewise  most  disposed  to  radiate  it  when  they  are  at 
a high  temperature,  and  the  absorbing  and  radiating  pro- 
perty are  opposed  to  the  reflecting  power. 

It  is  an  interesting  question  on  this  subject,  does  ra- 
diant caloric  suffer  refraction  ? This  was  attempted  to  be 
determined  by  Pictet,  but  the  experiment  was  so  imper- 
fectly performed,  that  no  conclusion  could  be  drawn  from 
it.  Ilerschel  found  reason  to  conclude,  that  rays  of  calo- 
ric exist  in  the  solar  beam,  apart  from  the  rays  of  light, 
and  that  these  are  separated  when  the  beam  is  decom- 
posed, by  being  passed  through  the  prism,  the  calorific 
rays  being  thrown  beyond  the  red  ray  ; this,  if  the  experi- 
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ment  were  accurate,  proved,  that  these  calorific  solar  rays 
at  least  are  subject  to  refraction.  He  farther  submitted  to 
experiment,  the  radiant  caloric  projected  from  heated 
bodies  •,  and  he  found  them  to  be  refracted  by  a lens,  and 
in  the  spot  where  they  were  collected  by  the  refraction,  to 
produce  a heating  effect. 

Mr  Leslie  observed,  that  a considerable  aberration  hap- 
pens in  the  reflection  of  heat ; hence,  when  reflected  from 
a mirror,  the  maximum  of  heat  is  not  in  the  true  focus, 
but  is  found  to  be  considerably  nearer  to  the  surface  of 
the  mirror. 

If  the  experiments  of  Herschel  be  admitted  as  accurate, 
they  establish  the  important  discovery,  that  radiant  calo- 
ric exists  in  the  rays  from  the  sun,  and  that  on  this  de- 
pends their  heating  power.  In  decomposing  the  solar 
, beam  by  transmission  through  a triangular  glass  prism,  it 
is  resolved  into  different  coloured  rays,  and  these  Herschel 
found  were  possessed  of  different  degrees  of  heating  power, 
the  violet  ray,  which  is  the  most  refrangible,  and  which 
bounds  the  coloured  spectrum  on  one  side,  being  least 
powerful  in  exciting  heat ; and  the  calorific  {lower,  in- 
creasing towards  the  other  side,  bounded  by  the  red  ray, 
which  far  exceeds  the  others  in  heating  power. 

All  this,  however,  might  be  considered  as  arising  from 
a diversity  of  heating  power  in  the  visible  rays  of  light ; 
but  Herschel  farther  found,  that  calorific  rays  which  pro- 
duce no  illumination  exist  in  the  solar  beam,  which  being 
less  refrangible  than  any  of  the  rays  of  light,  occupy  a 
space  beyond  the  red  ray,  when  the  entire  beam  is  decom- 
posed by  the  prism.  In  this  space,  to  the  extent  even  of 
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half  an  inch  beyond  the  visible  light,  the  heating  power  is 
actually  greater  than  in  the  space  occupied  by  the  red  ray, 
which  of  any  of  the  coloured  rays  produces  the  greatest 
heat,  and  it  can  be  traced  even  to  the  extent  of  an  inch 
and  a half.  This  appears  to  prove  the  existence  of  rays 
of  caloric  in  the  solar  ray,  which,  from  being  less  refran- 
gible, are  capable  of  being  separated  from  the  visible  light, 
and  if  the  accuracy  of  the  experiments  be  admitted,  scarce- 
ly any  other  conclusion  can  be  drawn.  Herschel  farther 
infers,  that  the  heating  power  of  the  different  coloured 
rays  does  not  belong  to  the  light  of  these  rays,  but  depends 
on  rays  of  caloric  associated  with  them,  there  being,  ac- 
cording to  his  hypothesis,  rays  of  caloric  as  well  as  of 
light  of  different  degrees  of  refrangibility,  and  the  former 
being  therefore  spread  over  the  space  occupied  by  the 
prismatic  spectrum  as  well  as  the  latter.  This  being  more 
intimately  connected  with  the  chemical  history  of  Light, 
will  be  afterwards  more  fully  considered.  In  one  respect 
the  calorific  rays  in  the  solar  beam  differ  from  those  pro- 
jected from  heated  bodies  ; they  pass  without  interruption 
through  transparent  media : this  is  evident  indeed  from 
the  intense  heat  produced  in  the  focus  of  a lens  when  the 
rays  of  the  sun  have  been  transmitted  through  it.  It  was 
ascertained,  too,  with  more  accuracy  by  Herschel,  the  so- 
lar calorific  rays,  whether  associated  with  light  or  separa- 
ted from  it,  passing  through  transparent  substances  and 
producing  heat  ; while  the  radiant  caloric  from  heated 
bodies  is  almost  entirely  arrested. 

An  important  subject  of  inquiry  is  still  to  be  consider- 
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ed ; What  is  the  nature  of  Radiant  Caloric,  or  what  theo- 
ry can  be  given  of  the  phenomena  it  displays  ? 

These  phenomena  appeared  to  prove  the  existence  of 
a subtle  calorific  matter,  projected  from  heated  bodies, 
capable  of  moving  in  right  lines  with  velocity,  and  obey- 
ing laws  of  motion  similar  to  those  of  light;  and  this  con- 
clusion was  accordingly  generally  drawn  and  received. 
Mr  Leslie,  however,  advanced  a different  hypothesis  $ the 
apparent  calorific  emanation  he  supposed  to  be  propaga- 
ted entirely  by  the  medium  of  the  air.  The  heated  sur- 
face, according  to  his  view,  communicates  increased  tem- 
perature to  the  portion  of  air  in  contact  with  it,  this  layer 
of  air  is  expanded,  and  presses  on  the  portion  immediate- 
ly before  it.  This  is  successively,  but  rapidly  renewed ; 
a chain  of  undulations  is  propagated  from  the  heated  sur- 
face to  the  mirror,  reflected  and  concentrated  in  its  focus, 
and  each  pulsation  being  accompanied,  according  to  the 
hypothesis,  with  a discharge  of  the  caloric  by  which  the 
expansion  exciting  it  had  been  produced  ; the  whole  is 
transported  with  the  velocity  of  these  undulations,  and  the 
calorific  effect  is  obtained  where  they  are  concentrated  on 
a solid  substance.  The  degree  of  heat  excited  will,  of 
course,  be  greater  as  the  temperature  of  the  surface  com- 
municating it  is  greater.  And  the  diversity  in  the  effect 
from  different  kinds  of  surface  at  the  same  temperature, 
Mr  Leslie  explains  by  the  hypothesis,  that  they  admit  of 
a more  or  less  perfect  contact  of  the  atmospheric  air ; 
those  with  which  the  air  comes  into  closest  contact,  and 
this,  of  course,  is  supposed  to  be  the  case  with  the 
blackened  surface,  communicating  the  largest  quantity  of 
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caloric  in  a given  time ; and  for  a similar  reason,  the  same 
surfaces  will  be  those  most  disposed  to  receive  caloric,  and 
will  therefore  be  those  most  heated  by  this  kind  ol  com- 
munication. 

This  hypothesis  rests  principally  on  certain  facts  obser- 
ved by  Mr  Leslie  with  regard  to  the  effect  of  skreens  in- 
terposed between  the  hot  body  and  the  mirror  on  the  ca- 
lorific radiation.  It  had  been  observed,  that  when  a plate 
of  glass  is  interposed,  the  effect  on  the  thermometer  in  the 
focus  is  greatly  diminished.  Mr  Leslie  found  that  this  is 
much  dependent  on  the  distance  at  which  the  glass  plate 
is  placed  from  the  heated  body.  In  the  apparatus  with 
the  single  reflecting  mirror,  if  the  plate  of  glass  be  placed 
at  about  two  inches  from  the  blackened  surface  of  the  ca- 
nister, a rise  in  the  thermometer  is  produced  equal  to 
about  one-fifth  of  what  would  be  produced  by  the  same 
surface,  the  glass  being  withdrawn ; if  farther  removed 
from  the  heated  surface,  the  effect  on  the  thermometer 
diminishes,  and  when  it  is  removed  about  a foot,  it  does 
not  amount  to  one-thirtieth  of  what  it  is  in  the  first  posi- 
tion. Mr  Leslie  farther  found  that  the  effect  was  very 
different  with  skreens  of  different  kinds ; with  one  of  pa- 
per interposed,  it  did  not  differ  much  from  that  with  the 
glass,  but  if  a metallic  skreen  was  used,  though  extremely 
thin,  as  for  example  gold  leaf,  the  effect  on  the  thermo- 
meter was  completely  intercepted. 

These  results  cannot  be  explained  on  the  supposition 
that  these  skreens  operate  by  intercepting  more  or  less 
the  calorific  radiation,  some  doing  so  completely,  others 
more  imperfectly;  for,  were  this  the  case,  the  action  of 
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those  which  allow  a certain  degree  of  heating  effect  to 
be  produced  on  the  thermometer  ought  to  be  the  same 
at  whatever  distance  it  is  placed  from  the  heated  surface, 
while  the  fact  is,  that  it  is  much  dependent  on  its  conti- 
guity to  it.  They  therefore,  Mr  Leslie  conceives,  esta- 
blish the  conclusion,  that  these  skreens,  in  every  case,  ar- 
rest the  radiant  caloric,  and  that  where  any  effect  is  pro- 
duced on  the  thermometer,  this  is  to  be  ascribed  to  the 
interposed  skreen  acquiring  heat,  and  being  thus  enabled 
to  display  the  same  action  as  a similar  radiating  surface 
would  do  at  the  same  temperature.  Accordingly,  when  a 
skreen  is  employed  which  is  not  much  disposed  to  receive 
radiant  caloric  on  the  one  hand,  or  to  radiate  it  on  the 
other,  as  one  of  metal,  no  effect  is  produced ; or  if  the 
skreen  is  such,  that  its  temperature  cannot  be  raised,  as  is 
the  case  for  example  with  a plate  of  ice,  there  is  also  no 
effect ; but,  if  the  skreen  be  of  a substance  disposed  both 
to  absorb  and  radiate  caloric,  as  in  the  case  with  glass  or 
paper,  then  a certain  effect  will  be  produced,  the  side 
next  to  the  hot  body  arresting  the  calorific  radiation  and 
having  its  temperature  raised,  and  the  other  radiating 
proportional  to  this  rise  of  temperature,  — and  tliis,  of 
course,  will  be  greater  the  nigher  the  skreen  is  to  the  heat- 
ed body. 

Now  this  effect  of  these  interposed  skreens,  Mr  Leslie 
farther  conceives,  can  only  be  explained  on  the  supposi- 
tion that  the  ah'  is  the  vehicle  of  the  communication  as  al- 
ready explained,  the  skreen  arresting  the  chain  of  pulsa- 
tions, and  acquiring  in  its  turn  to  a certain  extent  the 
power  of  transmitting  these  pulsations  with  the  accompany- 
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in  o'  discharges  of  caloric  from  the  other  surface  ; and  on 
this  assumption  in  a great  measure  rests  his  hypothesis. 

It  is  one  which  does  not  appear  necessarily  to  follow, 
and  it  is  perhaps  equally  conceivable  on  the  hypothesis  of 
the  existence  of  rays  of  caloric,  that  these  may  be  arrested 
by  the  skreen,  its  temperature  may  be  raised,  and  corre- 
sponding rays  be  projected  to  a certain  extent  from  its 
other  surface  : it  must,  in  fact,  be  supposed,  that  the 
interposed  slcreen  receives  caloric  at  the  one  surface,  and 
communicates  it  from  the  other,  whether  the  caloric  be 
supposed  to  be  propagated  by  pulsations  in  the  atmosphere, 
or  by  actual  projection  of  calorific  particles ; and  in  either 
hypothesis,  those  most  disposed  to  receive  it,  and  again  to 
discharge  it,  will  be  those  which  will  admit  of  the  greatest 
heating  effect  being  produced  on  the  thermometer. 

There  is  also  some  obscurity  with  regard  to  the  principle 
«f  Mr  Leslie’s  theory  ; for  admitting,  that  a chain  of  vibra- 
tions, such  as  he  supposes,  may  be  established  in  an  elastic 
medium  from  a heated  surface,  it  is  not  very  obvious  how 
each  pulsation  should  be  accompanied  with  a discharge  of 
the  heat  bv  which  it  had  been  excited.  Or  if  there  is  any 
necessary  connection  between  these  events  there  remains  the 
difficulty  of  accounting  for  the  slow  communication  of  ca- 
loric through  elastic  fluids.  The  theory,  too,  is  incompa- 
tible with  the  results  of  the  experiments  of  Herschel  and 
Englefield  •,  which,  if  they  are  admitted  as  accurate,  esta- 
blish the  existence  of  a subtle  calorific  matter,  capable  of 
rapid  projectile  motion.  These  experiments,  however,  Mr 
Leslie  considers  as  altogether  fallacious. 

Jt  has  sometimes  been  conceived  that  radiant  caloric  is- 
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a species  of  light.  Dr  Hutton,  assuming  that  the  heating 
powers  of  the  different  species  of  visible  light  are  not  pro- 
portional to  their  power  of  exciting  vision,  supposed  there 
might  be  a species  of  light  capable  of  exciting  temperature 
without  exciting  this  sensation,  and  such  he  conceived  to 
be  the  nature  of  radiant  caloric.  There  appears  little  foun- 
dation for  this  hypothesis.  So  far  as  we  can  trace,  radiant 
caloric  has  all  the  properties  of  caloric  conveyed  by  slow 
communication,  and  the  mere  circumstance  of  its  assuming 
a state  of  projectile  motion,  if  it  actually  do  so,  is  insufficient 
to  identify  it  with  light.  It  exerts  none  of  the  chemical 
agencies  of  light.  And  the  very  basis  of  the  hypothesis  is 
subverted  ; for,  as  is  afterwards  to  be  stated,  it  is  uncertain 
if  any  of  the  rays  of  light  apart  from  caloric  have  a 
heating  power. 


It  is  an  interesting  object  of  investigation,  what  is  the 
relation  subsisting  between  those  two  modes  in  which 
caloric  is  discharged  from  bodies,  that  by  radiation,  and 
that  by  slow  communication  ? There  appeal’s,  in  general, 
reason  to  infer,  that  those  which  at  a given  temperature 
give  off  most  caloric  by  communication,  discharge  least  by 
radiation,  and  vice  versa , — metals,  for  example,  radiating 
imperfectly,  while  they  yield  caloric  readily  by  communica- 
tion, while  glass  is,  with  regard  to  these  properties,  pre- 
cisely the  reverse. 

An  inquiry  of  equal  importance  is,  what  proportion  does 
the  caloric  discharged  by  radiation  from  a body  suffering 
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reduction  of  temperature,  bear  to  that  given  out  by  slow 
communication  ? The  influence  of  each  of  these  inodes  is 
established  by  numerous  facts.  That  of  slow  communica- 
tion is  well  shewn  by  the  different  degrees  of  celerity  with 
which  a body  cools,  according  to  the  conducting  power  of 
the  medium  with  which  it  is  in  contact,  or  according  as 
the  conducting  power  is  favoured  by  frequent  renewal  of 
that  medium,  as,  for  example,  by  the  application  of  a cur- 
rent of  air,  or  agitation  in  a liquid.  The'influence  of  ra- 
diation is  not  less  important,  and  has,  in  particular,  been 
very  clearly  established  by  some  very  excellent  experi- 
ments by  Mr  Leslie  on  the  celerity  of  cooling  in  vessels, 
which  radiate  caloric  unequally  ; water,  for  example,  cool- 
ing more  quickly  in  a tin  vessel  coated  with  lamp-black 
than  when  clean,  the  coating,  though  diminishing  the  con- 
ducting power,  more  than  compensating  for  this  by  increa- 
sing the  radiating  power. 

The  proportion  between  the  two  must  be  considerably 
dependant  on  the  temperature  at  which  the  estimate  is 
made ; for  at  high  temperatures  the  cooling  by  slow'  com- 
munication will  be  accelerated  by  the  more  rapid  current 
formed  in  the  surroundino-  medium  from  the  heated  suv- 
face,  while  this  can  have  no  effect  on  the  radiation.  Mr 
Leslie  concludes  from  his  experiments,  that  at  low  tempe- 
ratures the  heat  lost  by  the  direct  communication  is  some- 
what less,  and  at  higher  temperatures  considerably  greater 
than  what  is  lost  by  radiation. 

The  influence  of  these  circumstances  on  refrigeration 
gives  rise  to  some  results  rather  singular,  and  to  some 
practical  applications  of  considerable  importance.  Thus 
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-water  cools  more  quickly  in  a metallic  vessel,  the  outside 
of  which  is  blackened,  coated  with  varnish,  or  even  cover- 
ed with  linen,  than  when  clean  and  polished.  Hence,  in 
conducting  the  process  of  artificial  refrigeration,  vessels 
with  such  coatings  will  allow  it  to  be  performed  most  quick- 
ly ; for  the  same  reason,  where  the  object  is  to  condense 
vapour  or  steam,  as,  for  example,  in  applying  this  conden- 
sation to  procure  heat,  the  external  surface  of  the  tubes 
through  which  the  steam  passes  ought  to  be  painted  or 
blackened  ; while,  if  it  is  of  importance  to  prevent  as  much 
as  possible  the  condensation,  as  in  conveying  steam,  or  ap- 
plying its  elasticity  as  a mechanical  power,  the  external 
surface  ought  to  be  clean  and  bright. 


The  law  observed  by  a body  in  cooling,  in  whatever 
mode  the  caloric  be  given  out  from  it,  whether  by  radia- 
tion or  communication,  has  been  frequently  a subject  of 
investigation.  The  higher  the  temperature  is,  a larger 
quantity  of  caloric  is  given  out  in  a given  time,  and,  of 
course,  the  nearer  a heated  body  approaches  to  the  tem- 
perature of  the  surrounding  medium,  smaller  portions  are 
evolved.  Newton  supposed  that  the  progression  is  geo- 
metrical, taking  the  times  in  arithmetical  progression,  and 
this  law  appeared  to  be  established  by  the  experiments  of 
Kraft  and  Richman.  Martine,  on  the  contrary,  inferred 
that  the  decrements  of  temperature  in  a body  cooling  are 
partly  equable,  and  partly  in  proportion  to  the  subsisting 
heats ; and  Mr  Leslie  has  drawn  the  conclusion  from  his 
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experiments,  that  the  rate  of  cooling  follows  a higher  ra- 
tio than  the  difference  of  temperature. 


A singular  phenomenon  connected  with  the  radiation  of 
caloric  is  the  apparent  radiation  of  cold.  When  a cold 
body,  as  a mass  of  ice,  is  placed  in  the  focus  of  one  of  the 
mirrors,  the  thermometer  in  the  opposite  focus  instantly 
suffers  a reduction  of  temperature,  greater  as  the  cold  of 
the  body  is  more  intense.  The  experiment  was  made  at 
an  early  period  by  the  Florentine  Academicians,  but  it  had 
not  attracted  notice  until  again  performed  by  Pictet.  Mr 
Leslie  has  since  ascertained,  that  the  phenomena,  with  re- 
gard to  this  apparent  radiation  ot  cold,  are  the  same  as  in 
the  radiation  oi  heat,  and  the  same  laws  are  observed.  It 
is  greatest  at  a given  temperature  from  a blackened  sur- 
face, rather  less  from  a surface  of  glass,  and  much  less 
from  one  of  metal ; it  is  reflected  by  a metallic  surface, 
but  much  less  perfectly  by  a glass  surface;  and,  in 'conse- 
quence of  this,  the  frigorific  effect  is  greatest  when  the 
bulb  of  the  thermometer  is  of  glass,  and  especially  when  it 
is  blackened,  while  it  is  inconsiderable  when  the  bulb  is 
gilt.  Hence  the  comparative  powers  of  different  surfaces 
in  radiating,  reflecting,  and  absorbing  cold,  are  exactly 
the  same  as  their  powers  of  radiating,  reflecting,  and  ab- 
sorbing heat.  The  effects  of  interposed  skreens  too,  Mr 
Leslie  found  to  be  similar.  A metallic  skreen  com- 
pletely arrests  the  frigorific  effect,  while  one  of  glass  al- 
Vol.  I.  K 
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lows  it  to  take  place  to  a certain  extent,  more  or  less  ac- 
cording to  its  proximity  to  the  cold  body. 

Cold  being  merely  the  negation  of  heat,  these  results 
appear  at  first  view  extremely  singular,  and  it  becomes  ne- 
cessary to  explain  them  in  conformity  to  this  principle. 
The  diminution  of  temperature  has  been  accordingly  ascri- 
bed to  the  radiation  of  caloric  from  the  thermometer  ; and 
in  a general  point  of  view  this  appears  to  be  just,  though 
there  is  some  difficulty  in  explaining  how  the  cold  body 
acts  in  producing  this  radiation.  Prevost  supposed  that 
there  is  a constant  interchange  of  heat  between  bodies  by 
radiation,  the  quantity  radiated  by  each  being  less  as  the 
temperature  is  low ; hence  the  thermometer  in  the  focus 
of  the  mirror  receives  less  caloric  from  the  cold  body  in 
the  opposite  focus  than  it  gives  out,  and  its  temperature 
falls, — an  explanation  liable  to  the  difficulty  of  account- 
ing for  the  effect  of  different  surfaces  in  radiating  cold  ; for 
according  to  the  theory,  the  surface,  which  radiates  least 
caloric  at  a given  temperature,  that  is,  the  metallic  surface, 
ought  to  produce  the  greatest  cold,  while  the  fact  is  pre- 
cisely the  reverse.  Pictet  imagined,  that  while  an  equality 
of  temperature  exists  among  a number  of  contiguous  bodies, 
the  caloric  is  quiescent,  or  rather  is  in  an  equality  of  tension 
among  them  all,  and  there  is  no  radiation  from  any  of 
them,  but  when  one.  is  at  a low  temperature,  caloric  ra- 
diates towards  it  to  restore  the  equilibrium.  Plence  the 

/ 

placing  the  cold  body  in  the  focus  of  the  mirror,  causes 
radiation  from  the  bulb  of  the  thermometer  in  the  oppo- 
site focus,  the  mirrors  serving  to  reflect  it,  and  concentrate 
the  effect.  Mr  Leslie  has  very  happily  applied  his  theory 
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of  aerial  pulsations  to  the  same  phenomenon, — the  cold 
surface  being  supposed  to  abstract  caloric  from  the  conti- 
guous layer  of  air,  whence  a momentary  contraction  fol- 
lows, and  a chain  of  pulsations,  accompanied  with  dischar- 
ges of  heat,  is  established  to  the  cold  body  by  the  medium 
of  the  mirrors  from  the  thermometer.  This  hypothesis 
will  of  course  be  adopted  only  if  the  general  theory  of 
radiant  heat  depending  on  aerial  pulsations  be  received. 


\ 


Sect.  IV. — On  the  Comparative  Quantities  of  Caloric 
contained  in  Bodies. 

Caloric  has  a tendency  to  diffuse  itself  over  matter  un- 
til it  produce  an  equilibrium  of  temperature.  Hence, 
when  a number  of  bodies  unequally  heated  are  placed  near 
each  other,  a communication  of  caloric  takes  place,  until  a 
common  temperature  is  established. 

From  this  tendency  to  form  an  equality  of  temperature, 
it  might  perhaps  be  in  fa-red,  that  caloric  diffuses  itself  e- 
qually  over  matter  ; that  it  will  therefore  be  contained  in 
bodies  in  quantity  proportional  to  the  quantity  of  matter, 
or  that  equal  weights  of  different  portions  of  matter  will 
contain  at  the  same  temperature  equal  quantities  of  this 
power. 

This  law  is  observed  in  the  distribution  of  caloric  in  ho- 
mogeneous bodies,  different  portions  of  the  same  kind  of 
matter  containing  it  proportional  to  their  temperatures 
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and  quantities  of  matter  ; or,  at  least  the  deviation,  with 
regard  to  temperature,  is  inconsiderable,  if  it  even  exist. 

But  in  heterogeneous  bodies  a different  lav/  is  observed  ; 
each  contains  a quantity  peculiar  to  itself,  requisite  to  pro- 
duce its  temperature ; nor  are  there  perhaps  any  two  bo- 
dies, which,  in  equal  weights  and  at  equal  temperatures, 
contain  the  same  quantity  of  caloric.  This  was  first  ob- 
served by  Boerhaave,  with  regard  to  quicksilver  and  wa- 
ter. The  subject  was  prosecuted  by  Black,  Wilcke,  Irvine, 
and  Crawford  ; and  from  their  researches  the  general  law 
has  been  established,  that  at  any  temperature,  different 
bodies,  in  equal  quantities,  whether  estimated  by  weight  or 
volume,  contain  unequal  quantities  of  caloric. 

This  truth  is  established,  when  we  attend  to  the  augmen- 
tation of  temperature  in  different  bodies  exposed  to  a com- 
mon source  of  heat.  They  are,  after  a certain  time,  rai- 
sed to  a common  temperature  •,  but  in  suffering  this  rise,  it 
will  be  found  that  they  have  absorbed  very  different  quan- 
tities of  caloric.  Supposing,  therefore,  that  at  the  com- 
mencement of  the  experiment  they  contained  the  same 
quantity,  they  must,  at  the  temperature  to  which  they  are 
elevated,  contain  unequal  quantities.  But  it  might  equal- 
ly be  proved,  that  their  quantities  must  have  been  unequal 
at  the  temperature  from  which  they  were  raised  ; for  in  be- 
ginning the  experiment  lower  in  the  scale  of  heat,  they 
would  have  required  unequal  quantities  to  .raise  them  to 
this ; and  this  arising  from  some  property  in  the  bodies 
themselves,  which  will  always  continue  to  operate,  we  may 
conclude,  that  at  any  temperature  the  quantities  they  con- 
tain are  unequal.  The  same  conclusion  is  established  by 


OF  CALORIC. 


149 


communicating  an  equal  quantity  of  caloric  to  equal  quan- 
tities of  two  bodies  at  the  same  temperature, — water  and 
quicksilver  for  example  ; the  augmentation  of  temperature 
which  this  will  produce  will  be  very  different  in  each  j it 
will  amount  to  28  degrees  in  the  quicksilver,  when  it  is  on- 
ly one  in  the  water  : we  infer,  therefore,  that  water  requires 
28  times  more  caloric  than  quicksilver  to  raise  its  tempe- 
rature, and,  of  course,  that  at  a given  temperature  it  con- 
tains a quantity  so  much  larger. 

The  general  form  of  experiment  by  which  this  truth  is  . 
demonstrated,  and  by  which  also  the  comparative  quanti- 
ties of  caloric  that  bodies  contain  are  determined,  consists 
in  mixing  together  determinate  quantities  of  bodies  at  dif- 
ferent temperatures,  and  observing  the  result ; for  the  hot- 
ter communicating  a portion  of  its  caloric  to  the  colder, 
we  can,  from  the  temperature  that  is  established  in  the 
mixture,  discover  how  much  the  temperature  of  the  one 
has  been  diminished  by  the  abstraction  of  this  caloric,  and 
how  much  that  of  the  other  has  been  raised  by  its  com- 
munication, and,  of  course,  we  discover  what  quantity  eacli 
requires  to  produce  a given  change. 

In  homogeneous  bodies,  the  temperature  produced  by 
the  mixture  of  equal  portions  of  them  at  different  tem- 
peratures is  always  the  arithmetical  mean  between  the 
temperature  of  each  ; the  excess  of  caloric  which  the  one 
contains  above  the  other  being  equally  divided  between 
them,  and  producing  the  same  rise  of  temperature  in  the 
one  portion,  as  it  does  of  reduction  of  temperature  in  the 
other.  But  when  the  same  experiment  is  made  with  two 
heterogeneous  bodies,  the  result  is  different  j the  tempera- 


150 


OF  CALORIC. 


\ 


ture  produced  never  being  the  mean  of  the  two  original 
temperatures.  Thus,  if  one  pound  of  water,  at  the  tem- 
perature of  156,  be  mixed  with  one  pound  of  mercury  at 
the  temperature  of  40,  the  temperature  which  results  is 
not  the  arithmetical  mean,  98,  but  is  not  less  than  152. 
This  proves,  that  the  change  of  temperature  produced  in 
the  one  by  a certain  quantity  of  caloric,  is  entirely  diffe- 
rent from  that  produced  in  the  other  by  the  same  quanti- 
ty ; for  the  water  in  this  experiment  having  had  its  tem- 
perature reduced  from  156  to  152,  has  suffered  a reduc- 
tion of  only  4 degrees ; but  the  caloric  which  produced 
these  have  raised  the  temperature  of  the  mercury  not  less 
than,  112  degrees.  The  quantity  of  caloric,  therefore,  ne- 
cessary to  raise  the  temperature  of  one  pound  of  water  4 
degrees,  is  sufficient  to  raise  that  of  an  equal  weight  of 
mercury  112  degrees ; or  the  quantity  requisite  to  raise 
the  temperature  of  one  of  these  fluids  one  degree,  laises 
the  other  28.  This  will  be  the  case  at  every  temperature  ; 
and  therefore  at  any  point  in  the  scale  of  heat,  the  quanti- 
ty of  caloric  contained  in  water  is  to  that  contained  in  the 
same  weight  of  mercury  as  28  to  l. 

If  the  experiment  is  varied  by  mixingwater  at  a low, 
and  mercury  at  a high  temperature,  the  result  is  the  same. 
If  one  pound  of  mercury,  at  156,  be  mixed  with  one 
pound  of  water  at  40,  the  temperature  produced  is  44. 
The  mercury  has  been  deprived  of  a quantity  of  caloric, 
which  has  reduced  its  temperature  112  degrees,  and  this 
quantity  has  raised  that  of  the  water  4.  In  this  manner, 
when  equal  weights  of  two  different  bodies  are  mixed  to- 
gether, the  temperature  produced  is  always  nearer  to  the 
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-temperature  of  that  body  which  contains  the  greatest 
quantity  of  caloric,  because  it  requires  the  greatest  quan- 
tity to  produce  in  its  temperature  any  change.  The  pro- 
portion is  also  indicated  by  the  experiment ; the  compara- 
tive quantities  of  caloric  contained  in  the  two  bodies  being- 
in  the  inverse  ratio  to  the  change  of  temperature  in  each 
by  their  mixture.  The  general  formula,  therefore,  is  to 
multiply  the  weight  of  each  body  by  the  number  of  de- 
grees between  its  original  temperature,  and  the  common 
temperature  obtained  by  their  mixture.  The  comparative 
quantities  ol  caloric  they  contain  are  inversely  as  the  pro- 
ducts. 

When,  instead  of  comparing  the  quantities  of  caloric 
which  equal  weights  of  different  bodies  contain,  we  compare 
the  quantities  contained  in  equal  volumes , we  still  find  that 
a similar  difference  exists.  Thus  the  quantity  of  caloric 
necessary  to  raise  the  temperature  of  a given  volume  of 
wratcr  any  number  of  degrees,  is  to  that  necessary  to  raise 
an  equal  volume  of  mercury  the  same  number  of  degrees, 
as  2 to  1.  1 his  is  therefore  the  proportion  between  the 

comparative  quantities  of  caloric  which  these  two  bodies 
contain,  estimated  by  their  volumes ; and  similar  diffe- 
rences exist  with  respect  to  every  other  kind  of  matter. 
The  comparative  quantities  of  caloric  in  bodies  are  usually 
estimated  from  equal  weights  of  them  ; the  experiments  for 
this  pui-pose  being  more  easily  executed  with  accuracy, 
than  those  by  which  they  are  estimated  from  equal  volumes. 

In  making  these  experiments  on  solid  bodies,  the  solid, 
heated  to  a certain  temperature,  generally  to  212°,  by 
immersion  in  boiling  water,  is  transferred  into  a measured 
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portion  of  cold  water,  and  the  change  of  temperature  ill 
each  is  observed.  In  experiments  in  which  water  would 
enter  into  chemical  combination  with  the  body  submitted 
to  trial,  some  other  substance  must  be  used. 

The  mode  of  ascertaining  the  comparative  quantities  of 
caloric  in  bodies  by  mixture,  is  difficult  of  execution  so  as 
to  attain  perfect  accuracy,  from  the  sources  of  error  to 
which  it  is  exposed.  A certain  time  is  required  before  the 
common  temperature  is  established,  during  which,  p’art  of 
the  heat  is  abstracted  by  the  vessel,  and  by  the  external 
air  •,  and  this  is  different  in  different  cases,  being  in-: 
fluenced.  by  the  difference  of  specific  gravity  in  the  sub- 
stances operated  on,  the  facility  with  which  they  mix, 
their  conducting  powers,  the  quantities  operated  on,  and 
the  agitation  communicated.  Hence  other  methods  have 
been  proposed. 

The  principal  of  these  is  by  an  instrument  contrived  by 
Lavoisier  and  La  Place.  Ice,  in  melting,  absorbs  a quan- 
tity of  caloric,  which  does  not  raise  its  temperature  ; this 
quantity  being  uniformly  the  same,  or  equal  to  what 
would  raise  the  temperature  of  the  same  weight  of  ice- 
cold  water  135  degrees  of  Fahrenheit’s  scale.  If,  there- 
fore, any  body  at  a high  temperature  be  inclosed  in  a 
sphere  of  ice,  so  that  the  caloric  it  gives  out  in  cooling  is 
communicated  entirely  to  the  ice,  the  quantity  which  has 
been  given  out  may  be  inferred  from  the  quantity  of  ice 
melted,  or  water  produced.  On  this  is  founded  the  con- 
struction of  the  Calorimeter,  represented  Plate  II.  Fig.  10. 
It  consists  of  three  vessels,  A,  B,  C,  adapted  to  each 
other,  apd  inserted  the  one  within  the  other,  so  as  to  leave 
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a cavity  between  the  sides  of  each.  A is  a cage  of  iron 
net-work,  and  is  designed  to  contain  the  body  which  is  to 
•be  subjected  to  experiment,  which,  if  solid,  is  placed  with- 
in it,  heated  to  a certain  temperature;  if  liquid,  is  inclosed 
in  a glass  matrass.  The  second  vessel,  B,  is  designed  to 
contain  the  ice,  from  the  melting  of  which  the  quantity  of 
caloric  given  out  by  the  body  in  the  first  vessel  is  to  be 
estimated.  The  ice,  broken  into  small  pieces,  is  supported 
on  an  iron  grating  at  the  bottom,  through  which  the  wa- 
ter filtrates,  and  is  conveyed  off  by  a pipe  with  a stop- 
cock a,  which  comes  from  the  bottom  of  the  vessel.  It 
lias  a double  cover  b,  also  adapted  to  it,  capable  of  con- 
taining ice ; the  under  part  of  this  being  perforated,  so 
that  the  water  which  may  be  formed  from  the  melting  of 
any  of  the  ice  it  contains  may  drop  into  the  cavity  itself, 
and  can  thus  be  collected  to  be  measured.  The  third,* or 
outer  vessel,  C,  is  similar  in  its  construction  to  the  second, 
and,  like  it,  is  to  be  filled  with  pounded  ice,  when  the  ex- 
periment is  to  be  performed.  The  design  of  it  is  to  pre- 
vent the  agency  of  the  external  atmosphere,  which,  if 
above  the  temperature  of  32°,  would  communicate  caloric 
to  the  ice,  and  of  course  would  contribute  to  its  fusion, 
and  prevent  us  from  considering  the  quantity  of  water 
produced  as  a measure  of  the  quantity  of  caloric  which  the 
hot  body  had  given  out;  or  if  below  32°,  it  would  abstract 
caloric,  and  lessen  the  quantity  that  would  otherwise  be 
melted.  This  is  obviated,  by  placing  pounded  ice  in  the 
outer  vessel,  with  a portion  of  water,  the  middle  vessel 
being  thus  surrounded  with  a medium  at  the  temperature 
of  32°.  It  has  a double  cover  1),  containing  pounded  ice, 
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and  a tube  and  stop-cock,  by  which  the  water,  when  it 
accumulates,  can  be  withdrawn. 

This  method  is  free  from  those  sources  of  error  to 
which  the  mode  by  mixture  is  liable.  But  it  is  exposed 
tp  others,  which  render  its  accuracy  doubtful.  It  is  diffi- 
cult to  estimate  the  quantity  of  water  produced  from  the 
fusion  of  the  ice  ; for  a portion  of  it  is  retained  by  capilla- 
ry attraction  in  the  interstices  of  the  mass  ; and  from  some 
observations,  it  appears,  that  a portion  of  the  water  pro- 
duced in  the  upper  part  of  the  apparatus,  in  filtrating 
through  the  ice  beneath,  is  again  congealed,  probably  from 
the  influence  of  the  force  of  cohesion  exerted  from  the 
surfaces  of  the  fragments  of  ice. 

The  comparative  quantities  of  caloric  in  bodies  have 

been  attempted  to  be  estimated  from  obseiwing  the  times 

equal  volumes  of  them  require  to  cool  through  a certain 

interval  of  the  thermometric  scale,  the  times  being  as  their 
...  • • » 
quantities  estimated  by  the  volume,  and,  if  divided  by  the 

specific  gravity  of  the  substance  operated  on,  as  estimated 

by  the  weight.  But  the  principle  of  this  method  appears 

not  quite  correct,  the  times  of  cooling  being  influenced  by 

other  circumstances,  and  particularly  by  the  conducting 

and  radiating  power. 

Some  methods,  too,  have  been  proposed  peculiar  to  the 
aerial  fluids.  The  difficulties  in  ascertaining  the  quan- 
tities of  caloric,  corresponding  with  the  changes  of  tem- 
perature in  these  by  mixture,  arc  extremely  great,, 
from  the  smallness  of  the  quantity  we  can  operate  on, 
compared  with  the  volume  the  air  occupies.  In  the  mode 
by  the  calorimeter,  the  errors  from  this  source  are  somc- 
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what  diminished,  from  the  quantity  operated  on  being 
larger  ; the  aerial  fluid  being  passed  through  the  instru- 
ment by  a spiral  tube,  the  temperature  as  it  enters  and 
passes  out  being  ascertained  by  thermometers.  But  still 
the  results  are  probably  considerably  remote  from  accura- 
cy. Mr  Leslie  observed,  that  when  a portion  of  air  is  ra- 
rified  in  a vessel,  and  time  is  allowed  for  its  recovering  the 
temperature  of  the  surrounding  medium,  on  admitting 
suddenly  another  portion  of  air  into  the  partial  vacuum, 
the  ratified  air  is  compressed  ; it  hence  gives  out  a quanti- 
ty of  caloric,  and  this,  communicated  to  the  air  which  has 
been  admitted,  raises  its  temperature.  But  the  rise  will 
be  less,  as  this  air  requires  more  caloric  to  produce  in  it  a 
given  change  of  temperature  ; and  therefore  in  operating 
on  different  aerial  fluids,  the  comparative  quantities  may 
be  discovered  from  the  respective  elevations  of  ternpera- 
tlire.  The  method  is  extremely  ingenious,  but  attended 
with  considerable  difficulties  in  the  execution,  so  as  to  at- 
tain accurate  results. 

The  property  by  which  different  bodies  contain  their 
respective  quantities  of  caloric,  has  been  termed  the  Ca- 
pacity for  Heat,  or,  adapting  the  expression  to  the  modern 
nomenclature,  the  Capacity  of  a body  for  Caloric.  This 
term  is  not  designed  to  imply  any  theory  with  regard  to 
the  cause  of  this  property,  or  the  nature  of  it ; nor  does  it 
present,  as  has  been  alleged,  a vague  or  obscure  idea.  It 
is  simply  a general  expression,  to  denote  the  property,  in 
consequence  of  which,  bodies  contain  at  any  given  tem- 
perature, in  equal  quantities,  peculiar  quantities  of  caloric. 
That  they  do  so  is  unquestionable,  and  it  is  convenient  to 
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have  a general  term  by  which  this  can  be  expressed.  The 
quantity  contained  in  a body,  and  peculiar  to  it,  has  been 
named  their  Comparative,  or  their  Specific  heat.  The 
phrase  Specific  Caloric  is  generally  adopted. 

What  the  nature  of  this  property  is,  or  from  what 
cause  different  bodies  require  different  quantities  of  calo- 
ric, to  produce  in  them  temperature  to  the  same  extent, 
is  not  easily  determined.  It  is  in  general  true,  that  bo- 
dies which  are  rare,  have  capacities  for  caloric  greater 
than  those  which  are  more  dense.  It  is  even  found,  that 
we  augment  the  capacity  by  diminishing  the  density  of 
any  body  ; the  rarefaction  of  an  aerial  fluid,  for  example, 
in  which  this  can  be  done  to  the  greatest  extent,  being  at- 
tended with  a reduction  of  temperature  from  enlargement 
of  capacity,  and  its  condensation  being  followed  by  the 
opposite  result.  In  liquids  or  in  solids,  condensation  is 
likewise  accompanied  with  a similar  change  from  the 
same  cause.  But,  although  there  is  this  general  connec- 
tion between  the  rarity  of  a body,  and  its  capacity  for  ca- 
loric, it  is  not  invariable  or  proportional ; if  it  were,  in- 
deed, the  quantities  of  caloric  contained  in  bodies  at  given 
temperatures  would  be  as  their  volumes, — a law  which  is 
far  from  being  observed. 

There  must,  therefore,  be  some  other  cause  by  which 
this  is  modified.  If  we  regard  caloric  as  a material  sub- 
stance subject  to  attraction,  the  attraction  exerted  to  it  by 
the  substance  in  which  it  is  contained  might  be  supposed 
to  be  the  cause  modifying  the  law,  which  would  otherwise 
be  observed  in  its  distribution,  and  by  which,  in  conse- 
quence of  its  perfect  elasticity,  it  would  be  contained  in 
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bodies,  in  quantities  proportional  to  the  void  spaces  be- 
tween their  particles.  But  the  relations  of  this  agent  are 
so  imperfectly  known,  that  no  theory  in  which  we  can 
place  much  confidence  can  be  given,  and  the  fact  must 
merely  be  stated  as  an  ultimate  one,  that  bodies  require 
specific  quantities  of  caloric  for  the  production  of  tem- 
perature. 

A question  of  some  interest  is,  whether  the  peculiar  re- 
lation of  each  body  to  caloric  is  the  same  at  all  tempera- 
tures ; in  other  words,  are  their  capacities  for  it  uniform 
and  permanent.  It  is  possible  this  may  not  be  the  case  ; 
but  that  the  rise  of  temperature  itself,  and  the  effects  by 
which  it  is  accompanied,  may  give  rise  to  a change  in  the 
relation,  so  that  a greater  or  less  quantity  of  caloric 
may  lie  required  to  produce  a given  rise  of  temperature, 
at  a high  than  at  a low  part  of  the  scale  of  heat.  When 
the  mechanical  condition  of  a body  is  changed,  when  it 
passes  to  the  fluid  or  aeriform  state,  this  change  of  capa- 
city actually  happens.  Does  a similar  change,  though 
less  perceptible  at  any  particular  stage,  happen  from  the 
progressive  expansion  to  which  elevation  of  temperature 
gives  rise  ? > 

The  experiment  by  which  this  has  been  attempted  to 
be  determined,  consists  in  mixing  equal  portions  of  the 
same  body  at  different  temperatures  : if  the  capacity  is 
permanent,  the  resulting  temperature  ought  to  be  the 
arithmetical  mean  ; for  the  hotter  portion  communica- 
ting the  half  of  its  excess  of  caloric  to  the  colder,  the 
one,  if  the  capacity  is  the  same  in  each,  ought  to  suffer 
just  as  great  a reduction  as  the  other  sustains  an  elevation 
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of  temperature  ? But  if  the  one  portion  had  a greater  ca- 
pacity than  the  other,  then  the  change  it  suffers  must  be 
less  considerable,  and  the  resulting  temperature  must  ap- 
proach nearer  to  its  temperature  than  to  that  of  the  other, 
and  of  course  deviate  from  the  mean.  The  experiment  is 
difficult  of  execution,  so  as  to  attain  perfect  accuracy, 
especially  as  no  great  range  of  temperature  can  be  sub- 
mitted to  experiment,  and  as  the  difference  in  capacity, 
therefore,  if  it  exist,  cannot  be  expected  to  be  great.  Dr 
Crawford  from  his  experiments  was  disposed  to  conclude, 
that  the  capacities  of  bodies  are  permanent ; but  he  per- 
haps was  somewhat  influenced  in  drawing  this  conclusion 
by  theoretical  views.  It  appears  to  be  more  probable 
from  theory,  that  the  capacity  should  be  progressive  with 
regard  to  temperature,  or  should  be  greater  in  the  higher 
than  in  the  lower  portions  of  the  scale  of  heat ; for  this 
property  is  unquestionably  to  a certain  extent  connected 
with  the  density  of  bodies,  being  under  a general  point  of 
view  greater  as  they  are  less  dense,  and  being  increased  in 
any  body  when  its  volume  is  enlarged ; and,  as  rise  of 
temperature  is  accompanied  with  enlargement  of  volume, 
this  may  be  expected  to  give  rise  to  augmentation  of  ca- 
pacity. In  any  interval  of  temperature  which  we  can 
measure  this  may  not  be  considerable  ; but  considered  in 
relation  to  the  whole  scale,  we  cannot  conjecture  its 
amount,  for  we  know  not  the  extent  of  expansion  from 
the  commencement  of  the  scale. 

There  is  even  reason  to  doubt  if  the  permanence  oi  ca- 
pacity be  established  within  the  range  of  temperature  at 
which  bodies  can  be  easily  submitted  to  experiment.  The 
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conclusion  ol  Crawford  rested  very  much  on  the  previous 
assumption  of  the  accuracy  of  the  thermometer,  and  is 
invalidated  if  the  expansions  of  the  thermomctrical  liquid 
are  progressive  with  regard  to  temperature,  as  this  would 
counterbalance  the  effect  from  enlargement  of  capacity,  if 
this  happened,  and  give  rise  to  an  adjustment  whence  the 
effect  of  neither  might  be  apparent.  And,  with  regard  to 
some  bodies,  it  is  ascertained,  even  by  Crawford’s  own  ex- 
periments, as  well  as  by  those  of  Gadolin,  that  the  capa- 
cities are  not  permanent,  but  increase  with  the  tempera- 
ture, rendering  therefore  more  probable  the  conclusion 
that  this  is  a general  result. 

The  law  with  regard  to  the  distribution  of  caloric  in 
bodies  is  of  the  first  importance,  as  giving  the  theory  of 
changes  of  temperature  from  chemical  action.  Combina- 
tion is  almost  invariably  attended  with  a change  of  capa- 
city, the  capacity  of  the  compound  not  being  the  mean  of 
the  capacities  of  the  bodies  combined.  When  it  is  great- 
er the  temperature  falls ; when  it  is  less  the  temperature  is 
raised.  On  this  principle  are  explained  the  production  of 
heat  in  combustion,  in  respiration,  and  in  a number  of 
chemical  combinations,  and  the  production  of  cold  in  the 
solutions  of  salts  in  water,  and  in  what  are.  denominated 
freezing  mixtures. 

from  the  nature  of  the  methods  by  which  the  quantities 
of  caloric  which  bodies  contain  are  ascertained,  it  is  evi- 
dent that  we  discover  the  comparative,  not  the  absolute 
quantities.  We  find  only  how  much  caloric  a body  gives 
out,  or  absorbs,  during  a certain  change  of  temperature ; 
and  by  observing  the  change  of  temperature  which  the 


1G0 


OF  CALORIC. 


body  from  which  it  has  received,  or  to  which  it  has  given 
caloric,  suffers,  we  may  ascertain  the  comparative  quanti- 
ties necessary  to  produce  equal  changes  of  temperature  in 
these  bodies.  But  we  do  not  learn  the  proportion  which 
the  quantity  in  each  bears  to  the  whole  caloric  which  it 
contains ; and  therefore  the  capacities  of  different  bodies 
are  to  be  considered  as  merely  comparative.  Hence  it 
becomes  necessary  to  fix  on  one  body  as  a standard  to 
which  the  others  may  be  referred.  . Water  has  been  cho- 
sen as  this  standard;  its  capacity  is  stated  at  the  arbitrary 
term  of  1000,  and  with  this  the  capacities  of  other  bodies 
are  compared.  Thus  the  capacity  of  arterial  blopd  is 
stated  at  1030,  indicating,  that  if  at  any  temperature  a 
certain  quantity  of  water  contain  1000  degrees  of  caloric, 
the  same  quantity  of  arterial  blood  at  the  same  tempera- 
ture will  contain  1030  degrees.  The  capacities  are  usually 
referred  to  equal  weights,  not  to  equal  volumes  of  bodies; 
but  the  latter  are  easily  found,  by  multiplying  the  number 
expressing  the  specific  caloric  of  any  body  estimated  by 
its  weight,  by  the  number  which  denotes  the  specific  gra- 
vity of  the  body ; the  product  is  the  specific  caloric  esti- 
mated by  the  volume. 

In  the  following  table,  the  capacities  of  a number  of 
bodies  arc  stated  as  ascertained  by  Crawford,  Irvine, 
Wilcke,  Gadolin,  Ivirwan,  Lavoisier,  La  Place  and 
Dalton,— the  initial  letter  annexed  to.  each  denoting  the 
authority.  I have  inserted  those  only  which  have  been 
ascertained  by  the  method  of  mixture  or  by  the  calorime- 
ter, those  determined  by  other  methods  being  more  doubt- 
ful. I have  also  omitted  several  ascertained  by  the  method 


OF  CALORIC. 


161 


ol  mixture  which  still  appear  doubtful  or  unimportant. 
Where  any  difference  in  the  capacity  of  the  same  sub- 
stance, as  ascertained  by  different  experimenters,  exists, 
this  is  pointed  out  by  a reference  to  the  different  numbers. 
Idle  table  is  subdivided,  according  as  bodies  exist  in  the 
aerial,  the  liquid,  or  the  solid  form,  their  capacities  being 
different  in  these  different  states. 


TABLE  OF  CAPACITIES. 


Gases. 


1 Hydrogen  gas, 

2 Oxygen  gas, 

3 Atmospheric  air, 

4 Aqueous  vapour, 

5 Carbonic  acid  gas, 

6 Nitrogen  gas, 


21.4000  C. 
4.7490— 

1.7900 

1.5500  — 
1.0454  — 
•7936— 


Liquids. 

7 A lk  oh  ol,  (12,  34) 

8 Arterial  blood, 

9 Water,  - 

10  Milk, 

11  Solution  of  mur.  of  soda,  1 in  10  of  water, 

12  Alkohol,  (7,  34) 

13  Sulphuric  acid,  diluted  with  10  of  water, 

14  Solution  of  muriate  of  soda  in  6.4  of  water, 

15  Venous  blood,  - _ 

16  Sulphuric  acid,  with  5 parts  of  water, 

17  Solution  of  muriate  of  soda  in  5 of  water, 

1 8 Nitric  acid,  (30)  - . 

19  Solution  of  muriate  of  soda  in  3.33  of  water, 


20 

nitrate  of  potash  in  8 of  water, 

21  

muriate  of  soda  in  2.8  of  water, 

22  

muriate  of  soda  saturated,  or  in  2.69 

water, 

VOL.  I. 

L 

1.0S60K. 
1.0300  C. 
1.0000 
■9999  C. 
•9360  G. 
•9300  Ir. 
•9250  G. 
•9050  — 
.8928  C. 
.8760  G. 
.8680  — 
.8440  K. 
.8208  G. 
.8l6'7L 
.8020  G. 
of 

.793 OG. 
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23  Colourless  sulphuric  acid,  (41,  43,  44,  45) 

24  Sulphuric  acid,  with  2 parts  of  watei, 

25  Solution  of  sulphate  of  soda  in  2.9  of  water, 

26  Olive  oil, 

27  Water  of  ammonia,  specific  gravity,  0.997) 

28  Muriatic  acid,  specific  gravity  1.122, 

29  Sulphuric  acid,  4 parts  with  5 of  watei, 

30  Nitric  acid,  specific  gravity  1.29895,  (18) 

31  Mixture  of  nitric  acid  with  lime,  9s  to  L 

32  Sulphuric  acid,  with  an  equal  weight  of  water, 

33  4 parts  with  3 of  water, 

34  Alkohol,  (7,  12) 

35  Nitrous  acid,  specific  gravity  1.354, 

3 6 Linseed  oil, 

37  Spermaceti  oil, 

38  Sulphuric  acid,  with  g of  water, 

39  Oil  of  turpentine,  (42) 

40  Sulphuric  acid,  with  \ of  water, 

41  Sulphuric  acid,  (23,, 43,  44,  45) 

42  Oil  of  turpentine,  (39)  " 

43  Sulphuric  acid,  concentrated  and  colotnless,  (23) 

44  . specific  gravity  1.S7058, 

45  (23,  41) 

46  Spermaceti  melted, 

47  Quicksilver,  specific  gravity  13.30, 

49  . 

50  

Solids. 

51  Ice, 

52  

53  Beef  of  an  ox, 

54  Rice, 

55  Pease, 

56  Wheat, 

57  White  wax, 


.7580  — 
.7490  G. 

.72SO  — 

.7 100  — 
.70S0  — 
.6800  — 
.6631  L. 
.66 1 3 — 

.6189  — 

.6050  G. 
.6031  L. 
.6021  C. 
.5760  Iv. 
.5280  — 
.5000  C. 
.5000  G. 
.4720  K. 
.4420  G. 

.4290  C. 

.4000  Ir, 
.3390  G. 
.3345  L. 
.3330  Ir. 
.3200  — 
.0330  Iv. 
.0290  L. 
.0290  W. 

.0280  Ir. 


.9000  K. 
.8000  Ir. 
.7400  — 
.5060  C. 
.4920  — 
.4770  — 
.4500  G. 
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58  Quicklime,  -with  water,  16  to  9, 

59  Barley, 

60  Oats, 

61  Charcoal  of  birch-wood,  (67) 

6-2  Quicklime,  (72,  74) 

03  — saturated  with  water,  and  dried, 

<34  Pit-coal,  - 

65  

66  Chalk,  (68,  75)  - 

67  Charcoal,  ( 6l ) 

68  Chalk,  (66,  75) 

69  Sea-salt,  (73)  - 

70  White  oxide  of  antimony  washed, 

71  Oxide  of  copper, 

72  Quicklime,  (62,  74) 

73  Muriate  of  soda  in  crystals,  (69) 

74  Quicklime,  (62,  72) 

75  Chalk,  (66,  68)  - 

76  Crown  glass,  - 

77  Agate,  specific  gravity  2648, 

78  Flint-glass,  specific  gravity  287,  (81) 

79  Sulphur,  - - 

80  (84)  - 

81  White  glass,  specific  gravity  2.886,  (78) 

82  White  clay  burnt, 

S3  Black  lead,  - 

84  Sulphur,  (79,  80) 

85  Oxide  of  antimony, 

86  Iron,  (89,  91,  92,  95) 

87  Oxide  of  zinc, 

8S  White  cast  iron,  - 

89  Iron,  - 

90  White  oxide  of  arsenic, 

91  Iron,  (86,  89,  92,  96) 

92  Iron,  specific  gravity  7876, 

93  Hardened  steel,  - 

94  Steel  softened  by  fire, 

L 2 


.4391  L. 
.4210  C. 
.4160  — 
.395 0 G. 
.3000  D. 
.2800  G. 
.2800  D. 
-2 777  C. 
.2700  D. 
.2631  C. 
.2564  — 
.2300  D. 
•2272C. 
.2272  — 
.2239  — 
.2260  G. 
.2168  L. 
.2070  G. 
.2000  Ir. 

.1950  W. 
.1900  D. 
.1900  — 

.1890  Ir. 
.1870  W. 
.3  850  G. 
.1830  — 
.1830  K. 
.1666  C. 
.1450  Ir. 
.1369  C. 
.1320  G. 
.1300  D. 
.1260  G. 
.1269C. 
.1260  W. 
.1230  — 
.1200  — 
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95  Soft  bar  iron,  specific  gravity  7.7 24,  (86,  89) 

96  Brass,  specific  gravity  8356,  (9S) 

97  Copper,  specific  gravity  8.785,  (99) 

98  Brass,  (96)  - 

99  Copper,  (97) 

100  Sheet  Iron,  - 

101  Zinc,  specific  gravity  7154,  (107) 

102  - ' - 

103  Nickel,  - 

104  White  oxide  of  tin, 

105  Hammered  copper,  specific  gravity  9150, 

106  Oxide  of  tin,  (104) 

107  Zinc,  (iOl) 

108  Sublimed  arsenic, 

109  Silver,  specific  gravity  10.001, 

110  Tin,  (115) 

111  Yellow  oxide  of, lead, 

112  White  lead,  -*  _ 

113  Antimony, 

114  specific  gravity  6l07> 

115  Tin,  specific  gravity  7380,  (110) 

116  Red  oxide  of  lead,  - 

117  Gold,  specific  gravity  1904, 

118  Vitrified  oxide  of  lead, 

119  Bismuth,  specific  gravity  9S6l, 

120  Lead,  specific  gravity  1145, 

121  


.1190  Gv 
.1160  W. 
.1 140  W. 
.1123  C. 
.1111  — 
.1099  L. 
.1020  W. 
.1000  D. 
.1000  — 
.0990  C. 

.0970  G. 
.0960  K. 
.0943  C. 

.0840  G. 
.0820  W. 
.0704  G. 
.0630  — 
.0670  — 
.0645  — 
.0630  W. 
.0600 W. 
.0590  G. 
.0500  W. 
.0490  G. 
.0430  W. 
.0420  W. 
.0352  C. 
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Sect.  V. — Of  the  Quantities  of  Caloric  which  Different 
Forms  of  the  same  Body  contain. 

Besides  the  general  law  which  has  been  demonstrated, 
that  different  bodies,  in  equal  weights  and  at  equal  tempe- 
ratures, contain  unequal  quantities  of  caloric,  it  has  fur- 
ther been  established,  that  a similar  law  exists  with  respect 
to  the  same  body  in  its  different  states  of  aggregation : a 
body  in  the  fluid  form  contains  more  caloric,  or  requires  a 
larger  quantity  to  produce  a given  change  of  temperature 
in  it,  than  it  does  while  solid ; and  in  the  state  of  air  or 
vapour,  it  requires  still  more  caloric  than  it  does  in  the  li- 
quid form.  Hence,  when  a solid  is  melted,  or  a liquid  is 
converted  into  vapour,  a quantity  of  caloric  is  absorbed, 
which  has  no  effect  in  producing  augmentation  of  tempe- 
rature. This  gives  rise  to  the  phenomena  of  what  has 
been  denominated  Latent  Heat,  for  the  discovery  of 
which  we  are  indebted  to  Black.  * 

Inc  tiuth  of  the  fact  is  sufficiently  evident,  when  the 
phenomena  attending  liquefaction  and  vaporization  are  at- 
tend \ cly  examined.  When  caloric  is  communicated  to  a 
solid  body,  increase  of  temperature -is  produced,  and  this 
continues  to  proceed  while  the  caloric  continues  to  be  add- 
id,  until  the  body  arrives  at  its  melting  point:  but  when- 
ever ^ begins  to  melt,  the  rise  of  temperature  ceases, 
though  the  addition  of  caloric  be  continued  as  before ; 
and  the  fluid,  as  it  forms,  remains  at  one  point  until  the 
hision  is  completed.  In  this  case,  then,  it  is  evident,  that 
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a quantity  of  caloric  disappears ; for  it  continues  to  be 
added  to  the  body,  but  has  no  effect  in  raising  its  tempe- 
rature. The  case  is  the  same  when  a liquid  is  converted 
into  Vapour.  Its  temperature  is  first  raised  to  the  point 
at  which  it  begins  to  boil,  by  the  communication  of  calo- 
ric; but  though  the  communication  be  still  continued, 
the  temperature,  neither  of  the  fluid  whicli  is  evaporating, 
nor  of  the  vapour  rising  from  it,  is  farther  raised,  but 
remains  stationary  at  that  degree  in  the  thermometncal 
scale  at  which  the  conversion  into  vapour  commenced, 
until  the  whole  be  evaporated.  It  is  evident,  therefore, 
that  in  this  case  also  a quantity  of  caloric  is  absorbed  by 
the  vapour  formed,  which  has  no  effect  in  raising  its  tem- 
perature. The  liquid  or  vapour,  after  it  is  formed,  has 
its  temperature  raised  by  additions  ot  caloric. 

It  was  from  considering  these  facts,  that  Dr  Black  con- 
cluded, that  during  liquefaction  and  vaporization  a quan- 
tity of  caloric  is  lost,  becomes  latent,  or  passes  into  the 
body  without  raising  its  temperature,— a conclusion  which 
he  established  by  very  simple  but  decisive  experiments, 
affording  an  admirable  example  of  chemical  research. 

To  prove  it  with  regard  to  liquefaction,  he  placed  equal 
portions  of  water  in  two  vessels,  cooling  the  one  portion 
to  32°,  and  causing  the  other  to  freeze,  but  taking  care 
that  the  ice  should  not  be  lower  than  this  temperature. 
They  were  equally  exposed  to  an  atmosphere  somewhat 
warmer,  from  which  of  course  they  received  heat,— the 
temperature  of  the  water  soon  rose,  and,  at  the  end  of  half 
an  hour,  the  rise  amounted  to  7°.  But  the  temperature 
of  the  ice  remained  stationary  at  32,  though  it  must  h.ne 
received  caloric  equally  with  the  other.  It  merely  began  to 
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melt ; it  continued  to  do  so  slowly,  and  for  its  entire  fusion 
104-  hours  were  required,  during  which  its  temperature 
continued  the  same.  Nowr,  judging  from  the  rise  of  tem- 
perature which  the  water  had  sustained  in  half  an  hour, 
and  assuming,  what  there  can  be  no  doubt  of,  that  the  ice 
received  caloric  equally  with  the  water,  in  the  time  requi- 
red to  melt  it,  it  must  have  absorbed  a quantity  of  caloric 
equal  to  what  would  have  raised  the  temperature  of  ;the 
same  weight  of  water  139'',  yet  it  suffered  no  augmenta- 
tion of  temperature.  This  result  was  confirmed  by  an 
experiment  made  in  a different  manner,  in  which  the  dis- 
appearance of  a large  portion  of  caloric  is  rendered  still 
more  striking, — adding  a given  weight  of  ice  at  32°  to  the 
same  weight  of  water  at  the  temperature  of  172.  The 
ice  was  melted,  but  the  temperature  of  the  whole  liquid 
was  only  32  ; a quantity  ol  caloric,  therefore,  which  raised 
the  temperature  of  water  14-0°,  had  in  this,  as  -in  the 
former  experiment,  disappeared. 

The  caloric  thus  absorbed  by  ice  in  melting,  Dr  Black 
found  is  again  given  out  when  water  is  congealed.  Tins, 
iie  observed,  is  evident  from  the  temperature  of  freezing 
water  being  stationary  at  32°,  though  the  temperature  of 
the  surrounding  medium  may  be  much  lower  than  this  j 
the  water,  as  it  passes  to  the  solid  state,  giving  out  the  ca^ 
lot  ic  it  had  absorbed  when  it  was  formed : whatever  may 
be  the  celerity  of  the  freezing  from  the  cold  of  the  sur- 
rounding medium,  the  evolution  of  calo  ic  must  always  be 
proportional  to  it,  and  hence  the  temperature  cannot  be 
reduced  until  the  whole  is  congealed.  rj  lie  temperature 
of  the  ice  will  then  fall  J.o  that  of  the  matter  around  it. 
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This  evolution  of  heat  in  congelation,  Dr  Black  render- 
ed more  sensible  by  direct  experiment.  Having  added  a 
little  salt  to  a portion  of  water,  so  as  to  enable  it  to  sustain 
reduction  of  temperature  below  32°  without  freezing,  he 
exposed  it,  with  a similar  portion  of  water  in  another  ves- 
sel, to  a cold  atmosphere.  Both  were  cooled  with  regu- 
larity to  32°  ; but  at  this  temperature  the  pure  water  re- 
mained stationary,  while  that  with  the  salt  dissolved  in  it 
continued  to  fell  lower ; the  former  must  equally  have  suf- 
fered an  abstraction  of  caloric  with  the  latter,  but  caloiic 
being  evolved  from  its  congelation  prevented  its  tail.  . In 

O j 

another  experiment,  Dr  Black  cooled  watei , by  avoiding 
agitation,  a number  of  degrees  below  its  usual  freezing 
point,  32°  : on  agitating  it,  it  congealed,  and  the  tempera- 
ture instantly  rose  to  32°  from  the  evolution  of  the  caloric 
peculiar  to  it  in  the  state  of  water. 

Similar  experiments  were  made  by  Irvine  on  spermace- 
ti, wax,  and  tin  ; they  have  since  been  extended  to  other 
bodies,  and  with  regard  to  all  the  same  law  has  been  esta- 
blished, a portion  of  caloric  peculiar  to  each  being  ab- 
sorbed when  the  body  melts,  without  causing  any  rise  oi 
temperature,  and  this  portion  of  caloric  concealed  in  the 
liquid  becoming  sensible  again  when  it  is  congealed. 

Dr  Black  demonstrated,  that  a similar  phenomenon  ac- 
companies the  other  change  of  state  to  which  bodies  are 
subject,  that  into  vapour  or  air,  a quantity  ol  caloric  be- 
ing absorbed  by  the  body  passing  into  this  state  without 
raising  its  temperature,  and  being  evolved  when  it  returns 
to  the  liquid  form.  This,  as  has  been  remarked,  is  even 
evident  from  the  usual  phenomena  ol  vaporization  atten- 
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lively  examined,  neither-  the  liquid  nor  the  vapour  rising 
from  it  suffering  any  increase  of  temperature  after  the. 
ebullition  has  commenced,  though  caloric  be  constantly 
communicated.  It  was  farther  established  by  experiments 
ascertaining  it  with  more  accuracy,  or  placing  it  in  a clearer 
light. 

A portion  of  water  in  a cylindrical  tin  vessel  placed  on 
a heated  iron  plate,  was  raised  in  temperature  from  50  to 
212°  in  four  minutes,  when  it  began  to  boil ; in  that  time, 
therefore,  it  had  received  a quantity  of  caloric  capable  of 
raising  its  temperature  162°.  It  continued  to  boil,  and 
twenty  minutes  elapsed  before  it  was  dissipated  ; neither  its 
temperature,  nor  that  of  the  vapour  into  which  it  was  con- 
verted, rose  above  212°,  yet  it  must  have  continued  to  re- 
ceive caloric  as  before;  that  is,  at  the  rate  of  162°  every 
four  minutes  ; of  course,  in  its  vaporization,  a quantity  of 
caloric  had  been  absorbed,  which,  applied  at  once,  would 
have  been  equal  to  raising  its  temperature  810°. 

A liquid  heated  under  pressure  may  have  its  tempera- 
ture raised  above  its  usual  boiling  point,  the  transition  in- 
to vapour  being  prevented.  A quantity  of  water  included 
in  a strong  phial  closely  corked,  with  a thermometer  in- 
cluded, was  heated  to  222°  : the  cork  was  suddenly  with- 
drawn, a small  quantity  only  of  vapour  rushed  out,  and 
the  remaining  water  instantly  fell  to  212°.  This  experi- 
ment Mr  Watt  repeated  on  a much  larger  scale,  water 
being  heated  in  a copper  digester  with  a safety  valve  to  a 
much  higher  temperature;  yet,  on  opening  the  valve,  in- 
stead of  (he  whole  escaping  in  vapour,  not  more  than 
one-third  of  it  assumed  this  state,  and  the  temperature 
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of  the  remaining  portion  sunk  as  in  the  preceding  experi- 
ment. 

A similar  absorption  of  caloric  attends  the  vaporization 
of  volatile  liquids  at  a common  temperature,  producing 
therefore  sensible  cold,  greater  as  the  liquid  is  more  vola>- 
tile,  or  as  the  change  is  accelerated,  as  Cullen  observed. 

The  caloric  which  is  thus  absorbed  in  the  transition  of 
a body  to  the  state  of  vapour,  is  again  evolved  when  the 
vapour  is  condensed.  Dr  Black  found,  that  when  steam, 
at  the  temperature  of  212°,  is  condensed  by  being  received 
in  cold  water,  the  temperature  of  this  is  much  more  raised, 
than  by  the  communication  of  a weight  of  water  at  212° 
equal  to  that  of  the  steam.  And  Mr  Watt  having  con- 
densed steam  in  a metallic  tube,  by  suddenly  forcing  down 
a piston  accurately  adapted  to  it,  the  end  of  the  tube  being 
placed  in  water,  found  a quantity  of  caloric  communicated 
to  the  water,  equal  to  what  would  have  raised  the  tempe- 
rature of  a portion  of  it  equal  in  weight  to  the  steam  94S 
degrees.  Yet  the  tube  and  the  included  steam,  previous 
to  the  condensation,  were  at  the  temperature  only  of  212°. 

All  these  facts  prove  the  truth  of  the  general  proposi- 
tion, that  when  bodies  pass  from  the  solid  to  the  fluid,  or 
from  the  fluid  to  the  gaseous  state,  a quantity  of  caloric  is 
absorbed,  which  has  no  effect  in  raising  the  temperature  of 
the  body  in  its  new  form,  this  caloric  being  again  evolved 
when  the  body  returns  to  its  former  state.  This  portion  of 
caloric  absorbed  during  these  changes,  and  not  discoverable 
by  the  usual  effect  of  raising  temperature,  Black  named 
Latent  Heat,  in  opposition  to  the  portion  by  which  tern- 
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perature  is  produced,  and  which  he  denominated  Sensible 
Heat. 

In  assigning  the  cause  of  these  phenomena,  Dr  Black 
supposed,  that  the  caloric  which  disappears  or  becomes 
latent,  produces  the  change  of  form,  losing  at  the  same  time 
its  own  characteristic  properties,  probably  by  entering  in- 
to a species  of  combination  with  the  matter  on  which  it 
operates.  “ Fluidity,”  says  he,  “ I consider  as  depending 
immediately  and  inseparably  on  a certain  quantity  of  the 
matter  of  heat  which  is  combined  with  the  fluid  body  in  a 
particular  manner,  so  as  not  to  be  communicable  to  a ther- 
mometer or  to  other  bodies,  but  capable  of  being  extrica- 
ted again  by  other  methods,  and  of  re-assuming  the  form 
of  moveable  or  communicable  heat.”  And,  again,  with 
regard  to  vaporization,  “ when  a fluid  body  is  raised  to 
its  boiling  temperature  by  the  continual  and  copious  ap- 
plication of  heat,  its  particles  suddenly  attract  to  them- 
selves a great  quantity  of  heat,  and  by  this  combination 
their  mutual  relation  is  so  changed,  that  they  no  longer 
attract  each  other,  but  separating,  compose  a fluid  elastic 
and  expansive  like  air.  This  new  form  of  aggregation, 
(taking  the  example  of  water,)  is  the  effect  of  a new  com- 
bination of  heat  with  the  primary  particles  of  water,  and  is 
a sufficient  indication  of  this  union,  in  the  same  manner 
as  fluidity  was  a sufficient  mark  of  a sudden  and  copious 
combination  of  heat  with  the  particles  of  ice.” 

A very  different  theory'  of  these  phenomena,  and  more 
approaching  to  a philosophical  generalization,  was  advan- 
ced by  Dr  Irvine.  Temperature  depends  not  merely  on 
the  action  of  caloric,  but  on  its  action  modified  by'  that 
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peculiar  relation  of  bodies  to  it  which  we  denominate 
their  capacity.  If  the  capacity  of  a body  be  enlarged,  the 
quantity  of  caloric  communicated  to  it  remaining  the  same, 
its  temperature  must  fall ; if  the  capacity  be  diminished 
under  the  same  condition,  its  temperature  must  rise  *,  or  if 
the  capacity  be  enlarged  while  caloric  is  proportionally 
communicated,  this  caloric  will  be  absorbed  by  the  body, 
and  remain  in  it  without  any  increase  of  temperature. 
Now  this,  Dr  Irvine  conceived,  is  what  happens  in  flui- 
dity and  vaporization.  The  sensible  caloric  communica- 
ted, and  raising  the  temperature  of  the  body  to  its  melt- 
ing, or  to  its  vaporific  point,  weakens  progressively  its  co- 
hesion, and  at  length  so  far  changes  its  state  of  aggrega- 
tion, as  to  admit  of  a new  arrangement  of  its  parts,  con- 
stituting first  fluidity,  and  afterwards  the  state  of  vapour  or 
air.  These  changes,  Dr  Irvine  supposed  to  be  accompa- 
nied with  a change  of  capacity,  the  capacity  of  the  body 
in  its  liquid  being  greater  than  in  its  solid  state,  and  be- 
coming still  larger  in  the  state  of  vapour.  If  this  be  ad- 
mitted, it  necessarily  follows,  that  a quantity  of  caloric 
must  be  absorbed  by  the  body  in  passing  into  the  liquid 
and  aerial  forms,  which  shall  have  no  effect  in  augment- 
ing its  temperature,  and  which,  of  course.,  is  not  discover- 
able in  it  by  the  thermometer.  But  there  is  no  reason  to 
believe  that  this  caloric  has  lost  its  properties,  has  entered 
into  any  peculiar  combination  with  the  body,  or  is  in  any 
state  different  from  the  rest  of  the  caloric  it  contains.  It 
goes  with  that  caloric  to  sustain  the  temperature,  and  it 
has  been  absorbed  without  raising  temperature,  merely  be- 
cause the  capacity  of  the  body  has  been  enlarged  •,  and  when 
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the  capacity  is  diminished,  as  happens  in  the  reverse 
change  of  form,  it  is,  of  course,  again  evolved.  A body 
in  one  form,  in  a word,  contains  more  caloric  than  iii  ano'- 
ther  form  at  a given  temperature,  exactly  as  one  body  con- 
tains more  than  another  does ; or,  according  to  this  theory, 
the  cause  why  water  contains  more  caloric  than  ice  at  32°, 
is  the  same  as  that  by  which  water  contains  more  caloric 
than  quicksilver ; and  were  it  possible  to  convert  quicksil- 
ver into  water  by  a process  similar  to  that  by  which  we 
convert  ice  into  water,  we  should  have  precisely  the  phe- 
nomena of  latent  heat. 

The  whole  question,  therefore,  on  this  subject,  is  with 
regard  to  the  assumption  on  which  the  theory  rests,  whe- 
ther an  augmentation  of  capacity  accompanies  liquefaction 
and  vaporization  or  not.  No  doubt  can  remain  of  its  su- 
periority a priori,  to  the  opinion  of  Black.  It  explains 
the  phenomena  5 for  it  is  obvious,  that  if  by  fusion  or  va- 
porization the  capacity  of  a body  be  enlarged,  either  its 
temperature  must  fall,  or  caloric  must  be  absorbed  with- 
out producing  any  rise  of  temperature : the  first  cannot 
happen  ; for,  in  this  case,  the  temperature  of  the  body  fall- 
ing below  its  fusing  or  vaporific  point,  the  change  of 
form  could  not  proceed  : the  second  event,  therefore, 
must  be  that  which  will  occur,  or  if,  by  applying  caloric, 
we  raise  and  preserve  the  temperature  sufficiently  high  to 
cause  the  transition  of  form  to  proceed,  if  this  be  accom- 
panied with  an  increase  of  capacity,  the  caloric  applied 
must  be  absorbed  and  become  latent,  or  occasion  no  in- 
crease of  temperature.  And  the  theory  has  farther  the 
very  important  advantage,  that  while  the  opposite  system 
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is  an  insulated  hypothesis,  framed  to  account  for  this  par- 
ticular case,  Irvine’s  is  an  extension  by  generalization  of  a 
Jaw,  proved  to  exist  with  regard  at  least  to  different  bo- 
dies, and  not  unlikely  to  operate  in  a similar-  manner  on 
the  same  body  in  different  forms. 

The  determination  of  the  fact  occupied  the  attention  of 
Dr  Irvine  for  a series  of  years,  the  experiments  by  which 
only  it  could  be  decided  being  attended  with  peculiar  dif- 
ficulties ; for,  in  determining  the  capacity  of  the  body, 
either  in  the  solid  or  liquid  state,  it  is  necessary,  that  in 
the  progress  of  the  experiment  it  should  not  change  its 
form.  Ice,  therefore,  must  be  operated  on  at  temperatures 
below  32°,  and  water  at  temperatures  above  this.  Dr  Ir- 
vine employed  the  medium  of  a third  substance,  such  as 
quicksilver,  river-sand,  or  iron-filings,  which  he  added  to 
each,  and  determined  the  capacity  in  the  usual  manner  ; 
and  he  uniformly  found,  that  the  capacity  of  water  is  great- 
er than  that  of  ice,  and  in  a ratio  which  he  inferred, 
from  the  average  of  his  experiments,  to  be  as  10  to  8.  A 
similar  augmentation  of  capacity  Dr  Crawford  found  to 
take  place  when  water  is  converted  into  vapour.  It  is 
proved  then,  that  the  change  in  the  relation  of  the  body 
to  caloric  is  not  confined,  as  Dr  Black’s  hypothesis  suppo- 
ses, to  the  moment  of  liquefaction  or  vaporization,  but 
that  at  these  changes  the  relation  is  so  altered,  that  hence- 
forth the  liquid  requires  more  caloric  than  the  solid  did  to 
raise  it  every  degree  of  the  thermometric  scale,  and  the 
vapour,  in  like  manner,  requires  more  than  the  liquid.  In 
consequence  of  this,  an  absorption  of  caloric  must  take 
place  at  the  moment  of  change,  sufficient  with  the  caloric 
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the  body  contained,  to  keep  up  the  existing  temperature 
from  the  point  of  absolute  privation,  according  to  the  en- 
larged capacity  of  the  body  in  its  new  state.  And  with 
the  admission  of  these  facts,  the  one  theory  is  demonstra- 
ted, while  the  other  cannot  be  maintained. 

The  only  difficulty  that  has  been  urged  against  the 
theory  of  Irvine,  of  any  seeming  importance,  is  that  of 
accounting  for  the  change  of  form  ; for  since  the  tempera- 
ture of  the  liquid  is  not  sensibly  greater  than  that  of  the 
solid  from  which  it  is  formed,  nor  that  of  the  vapour 
greater  than  that  of  the  liquid  from  which  it  rises,  it  has 
been  contended,  that  the  change  cannot  be  ascribed  to  the 
operation  of  sensible  caloric,  and  must  therefore  be  ascrib- 
ed to  the  action  of  at  least  a portion  of  that  which  becomes 
latent.  The  difficulty,  however,  is  in  a great  measure, 
perhaps,  entirely  obviated  by  considering  the  change  of 
form  as  arising  from  the  expansive  operation  of  caloric, 
increasing  as  it  is  accumulated,  until  it  sufficiently  modify 
or  subvert  the  force  of  cohesion  to  admit  of  fluidity  and 
vaporization  being  established  ; and  this  being  progressive^ 
ly  exerted,  the  ultimate  effect  may  take  place  at  a point 
in  the  scale  of  temperature  indivisible,  so  that  we  shall  be 
unable  to  discover  a difference  of  temperature  on  the  one 
hand,  or  on  the  other. 

This  view  of  the  cause  of  the  change  of  form  is  confirm- 
ed, by  finding  the  change  produced  by  causes  which 
must  operate  solely  by  altering  the  distances  at  which  the 
particles  of  l>odies  are  placed.  Thus,  the  transition  into 
vapour  is  effected  by  withdrawing  pressure,  which  can  be 
an  antagonist  only  to  the  expansive  operation  of  sensible 
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Caloric  : Or,  by  applying  pressure,  a vapour  may  be  re- 
duced to  the  liquid  state,  though  this  pressure  can  have 
only  a mechanical  effect,  approximating  the  particles,  and 
cannot  subvert  any  chemical  combination  of  caloric,  did 
it  exist. 

It  may  therefore  be  concluded,  that  the  absorption  of 
caloric  which  accompanies  liquefaction  and  vaporization, 

is  owing  not  to  any  chemical  combination,  but  to  the  en- 

» 

larged  capacity  which  the  body  acquires  by  a change  of 
form.  It  may  be  supposed,  indeed,  that  the  difficulty  in 
this  view  of  the  subject  is  only  avoided,  not  removed. 
May  not  this  very  difference  of  capacity  in  bodies,  in 
whatever  state  they  exist,  proceed  from  a chemical  combi- 
nation of  caloric  ? By  saying  that  different  bodies,  or  dif- 
ferent forms  of  the  same  body,  have  different  capacities 
for  caloric,  the  general  fact  is  merely  expressed,  that  in 
equal  quantities,  and  at  equal  temperatures,  they  contain 
unequal  quantities  of  this  power.  But  the  cause  of  this  is 
not  assigned.  May  it  not  then  be  chemical  combination 
of  part  of  the  caloric,  of  that  part  of  it  in  each  body 
which  amounts  to  the  difference  of  the  quantity  it  con- 
tains, compared  with  another  ? This  opinion  is  at  once 
refuted  by  the  consideration,  that,  were  it  true,  the  quan- 
tity of  free  caloric,  or  caloric  of  temperature,  ought  in  all 
bodies  to  be  the  same,  and  that  consequently  in  equal 
changes  of  temperature,  equal  quantities  of  caloric  ought 
to  be  absorbed,  or  given  out  by  all,  since  the  very  princi- 
ple which  is  assumed  is,  that  the  cause  of  the  difference  in 
the  absolute  quantities  of  caloric  which  bodies  contain  is, 
that  that  portion  in  one  body,  which  expeeds  what  is  con- 
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tained  in  another,  exists  in  it  in  a state  of  chemical  com- 
bination. 

Whether,  therefore,  the  question  be  considered  as  re- 
lating to  the  cause,  why  different  bodies'  contain,  at  the 
same  temperature,  unequal  quantities  of  caloric,  or  to  the 
cause  why  different  forms  of  the  same  body  follow  the 
same  law,  in  neither  case  is  it  probable  that  a chemical 
combination  of  part  of  that  caloric  gives  rise  to  the  dif- 
ference. And  as  the  phenomena  are  in  both  cases  the  same , 
the y must  be  ascribed  to  the  same  cause.  Until  this  is  dis- 
covered, the  general  fact  ought  merely  to  be  expressed : 
Caloric,  whether  matter  or  motion,  is  to  be  considered  as 
a power  diffused  over  matter,  as  the  cause  of  that  state  of 
bodies  termed  their  temperature,  as  having  a tendency  to 
diffuse  itself,  until  a common  temperature  is  formed  } but 
for  the  production  of  this  temperature  in  different  bodies, 
and  in  equal  forms  of  the  same  body,  unequal  quantities 
of  this  power  are  required.  If  it  be  a material  agent,  the 
difference  in  the  quantity  contained  may  be  owing  to  the 
specific  attraction  exerted  by  each  body  ; but  still  this  at- 
traction is  merely  the  force  by  which  the  whole  quantity  is 
retained,  and  does  not  operate  more  on  one  portion  than 
on  another. 

Some  philosophers  of  eminence,  indeed,  without  alleg- 
ing that  the  difference  in  the  quantities  of  caloric  in  dif- 
ferent bodies,  or  the  absorption  of  it  during  liquefaction 
and  vaporization,  is  owing  to  chemical  combination,  have 
supposed,  that  there  may  be  a portion  of  caloric  existing 
in  bodies  in  such  a state  of  combination.  Lavoisier  and 
La  Place  inclined  to  this  opinion,  from  finding  by  experi- 
Vot.  I.  M 
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ment,  that  in  different  cases  of  chemical  union,  or  of 
change  of  form,  the  quantity  of  caloric  rendered  sensible 
does  not  correspond  with  the  changes  of  capacity  that 
take  place,  but  is  sometimes  greater,  at  other  times  less  ; 
whence  they  concluded,  that  a portion  of  caloric  must  ex- 
ist in  bodies  in  some  other  state,  and  probably  in  more  in- 
timate combination.  They  admit,  however,  that  trivial 
errors  in  the  estimation  of  the  capacities  might  have  given 
rise  to  the  apparently  discordant  results  they  obtained ; and 
when  the  sources  of  fallacy  attending  such  experiments 
are  considered,  it  w ill  appear  not  improbable  that  such 
errors  must  have  been  present.  Irvine  and  Crawford  de- 
voted much  attention  to  this  investigation,  and  uniformly 
found,  that  when  bodies  produce  heat  by  mutual  action, 
or  change  of  form,  their  capacities  are  diminished,  and 
that,  on  the  contrary,  when  they  produced  cold  their  ca- 
pacities were  increased  ; nor  were  the  results  inconsistent 
writh  the  law  of  the  changes  of  temperature  being  propor- 
tional to  the  increase  or  diminution  of  capacity,  making 
allowance  for  the  inaccuracies  to  which  such  experiments 
are  unavoidably  liable.  Gadolin  executed  a very  exten- 
sive series  of  experiments  with  the  same  view,  and  drew 
from  them  the  same  conclusion.  Nor  arc  there  any  facts 
which,  when  duly  considered,  can  be  regarded  as  afford- 
ing proof,  that  any  portion  of  caloric  exists  in  bodies  che- 
mically combined.  The  hypothesis,  however,  has  often 
been  maintained,  and  the  language  implying  it  is  often 
used  by  chemists,  as  if  it  were  established.  It  is  therefore 
necessary  to  remark,  that  it  rests  on  no  just  grounds. 
The  different  quantities  of  caloric  contained  in  bodies,  re- 
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gulated  by  what  we  name  their  capacities,  cannot  be  re- 
ferred to  the  operation  of  any  peculiar  force  different  from 
that  by  which  the  whole  quantity  of  caloric  is  contained  •, 
neither  can  the  absorption  and  latent  state  of  the  caloric, 
absorbed  in  liquefaction  and  vaporization,  be  referred  to 
this  cause.  And  we  have  no  reason  to  believe  that  any  other 
portion  of  caloric  exists  in  bodies  in  a combined  state.  The 
agency  and  relations  of  this  power  are  indeed  so  peculiar, 
that,  even  admitting  its  materiality,  we  can  place  little  re- 
liance on  any  conclusion  with  regard  to  its  mode  of  ex- 
istence, not  established  by  direct  evidence,  but  resting  on 
analogies  transferred  from  ponderable  substances. 


— w-.rjgrw  « 

From  the  enlargement  of  capacity  and  consequent  ab- 
sorption of  caloric,  which  attends  liquefaction  and  vapori- 
zation, some  interesting  applications  both  to  natural  phe- 
nomena and  to  purposes  of  utility  are  derived. 

Such,  for  example,  is  the  fixit}'  and  uniformity  of  the 
temperature  at  which  bodies  melt.  Ice  melts  at  32°  of 
Fahrenheit,  and,  when  raised  to  this  temperature,  the  far- 
ther communication  of  caloric,  however  rapid,  has  no  ef- 
fect in  raising  its  temperature,  till  the  whole  is  converted 
into  water  ; since,  as  quickly  as  the  ice  is  melted,  as  quick- 
ly is  the  caloric  absorbed  by  the  fluid.  Were  it  not  for 
this  absorption  of  caloric,  the  liquefaction  of  ice  and  snow, 
in  the  colder  climates,  at  the  approach  of  spring,  would 
take  place  almost  instantaneously,  when  the  temperature  of 
the  atmosphere  rose  above  32°  ; whereas,  from  this,  the 
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melting  is  gradual  and  progressive  ; the  water  that  is  form- 
ed is  distributed  more  slowly,  and  the  too  sadden  rise  of 
temperature,  which  in  such  climates  would  prove  fatal  to 
vegetables,  is  prevented.  The  reverse  of  this,  too,  or  the 
extrication  of  caloric,  when  water  is  converted  into  ice,  is 
equally  beneficial ; since,  were  it  otherwise,  the  freezing 
of  large  collections  of  water  would  be  extremely  rapid 
when  the  temperature  of  the  atmosphere  fell  below  32°. 
But,  from  this  extrication,  the  freezing  is  gradual,  and  a 
large  quantity  of  caloric  is  given  out  by  the  water  in  pass- 
ing to  the  solid  state,  by  which  the  approaching  cold  is 
moderated,  and  the  congelation  rendered  more  slow. 

Similar  general  effects  arise  from  the  operation  of  this 
law  in  vaporization.  When  the  earth  is  much  heated  by 
the  sun’s  rays,  water  is  evaporated  from  its  surface,  and 
from  rivers  and  the  ocean,  and  the  conversion  of  this  into 
vapour  is  necessarily  accompanied  with  the  absorption  of 
caloric.  Hence  evaporation  is  the  most  powerful  agent 
employed  by  nature  to  moderate  excessive  heat.  On  tlx; 
contrary,  when  the  vapour  of  the  atmosphere  is  conden- 
sed by  cold,  and  descends  in  rain  or  snow,  it  gives  out  tire 
caloric  it  had  received,  which  is  then  beneficial  rather  than 
hurtful. 

The  process  of  artificial  refrigeration:  is  explained  on 
the  same  principle.  By  allowing  water  to  filtrate  slowly 
through  porous  earthen  vessels,  so  as  to  present  an  exten- 
sive humid  surface  to  the  atmosphere,  it  passes  rapidly  in- 
to vapour,  and  in  this  vaporization  absorbs  so  much  calo- 
ric as  to  produce  a considerable  degree  of  cold.  Liquors 
are  cooled,  and  in  warm  climates  ice  formed,  by  arrange- 
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r ments  of  this  kind,  even  -when  the  temperature  of  the  at- 
mosphere is  above  32°. 

The  theory  of  freezing  mixtures  is  likewise  deduced 
from  the  doctrine  of  latent  caloric.  These  are  mixtures 
ot  saline  substances,  which,  at  the  common  temperature, 
by  their  mutual  chemical  action,  pass  rapidly  into  the  fluid 
form,  or  are  capable  of  being  rapidly  dissolved  in  water, 
and,  by  this  transition  to  fluidity,  absorb  caloric,  and  pro- 
duce degrees  of  cold  more  or  less  intense. 

The  use  of  steam  as  a vehicle  arid  source  of  heat,  affords 
an  example  ot  the  scientific  application  of  these  principles. 
By  conveying  it  into  water,  it  is  condensed,  and  by  the 
evolution  of  the  latent  caloric  by  the  condensation,  the 
temperature  of  the  water  is  raised,  so  as  soon  to  arrive  at 
212°.  Where  large  quantities  of  water  are  to  be  heated, 
this  method  has  superior  advantages,  as  by  having  a com- 
mon boiler,  from  which  the  vapour  is  conveyed  by  tubes, 
the  loss  of  heat  is  much  less  than  if  fire  was  applied  to 
different  vessels,  and  the  vessels  are  subject  to  less  wear, 
and  may  be  constructed  at  less  expence.  Another  appli- 
cation of  the  same  principles  is  that  of  heating  apartments 
by  conveying  steam  through  tubes,  proposed  in  an  early 
volume  of  the  Philosophical  I ransactions,  and  since  reviv- 
ed. I he  steam  in  its  progress  is  condensed  gradually,  and 
gives  out  its  latent  caloric,  so  as  to  produce  an  equable 
warmth. 

lhe  modern  improvements  in  the  Steam-engine,  as 
they  originated  from  Dr  Black’s  discovery,  so  they  afford 
a very  striking  exemplification  of  the  doctrine  of  latent  ca- 
loric. In  the  engine  wrought  previous  to  the  improvo- 
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merits  of  Mr  Watt,  the  steam  was  received  into  a cylin- 
der, to  which  a piston  was  adapted,  which  was  raised  by 
the  introduction  of  steam  : this  was  condensed  by  a jet  of 
cold  water,  and  the  piston  was  of  course  forced  down  by 
the  pressure  of  the  atmosphere,  and  by  these  alternate  ac- 
tions the  machine  was  worked.  But  this  was  attended 
with  an  immense  loss  of  heat ; for  by  the  jet  of  cold  water 
not  only  was  the  steam  condensed,  but  the  cylinder  was 
likewise  cooled,  as  it  was  also  by  the  entrance  ot  the  at- 
mospheric air,  and  the  first  portion  of  steam,  therefore,  that 
entered  was  condensed.  At  each  stroke  of  the  engine  this 
waste  is  repeated,  and  thus,  according  to  Mr  Watt’s  cal- 
culation, at  least  half  of  the  steam  produced  in  the  boiler 
is  lost.  His  principal  improvements  consisted  in  conden- 
sing the  steam,  not  in  the  cylinder,  but  in  another  vessel 
communicating  with  it  by  a pipe  with  a vaive,  and  in 
excluding  from  the  cylinder  the  atmospheric  air,  and  de- 
pressing the  piston  by  steam  introduced  above  it,  and 
condensed  in  the  condensing  vessel  alternately  with  the 
steam  beneath.  The  whole  can  thus  be  kept  at  the  tempera- 
ture of  212°,  and  the  immense  waste  of  heat  in  the  old 
method  is  obviated. 


Sect.  VI. Of  the  Absolute  Quantity  of  Caloric  in  Bodies. 

A problem  which  the  Chemists  have  sometimes  propo- 
sed for  solution,  is  that  of  determining  the  whole  quantity 
of  caloric  in  bodies,  and  of  course  at  what  distance,  mea- 
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sured  by  thermometrical  degrees  from  a given  tempera- 
ture, the  point  of  absolute  privation,  or  what  they  have 
named  the  real  zero,  would  be  placed.  It  is  obvious,  that 
any  reduction  of  temperature  that  we  can  command  is  far 
distant  from  the  total  abstraction  of  caloric,  and  it  is  only 
by  calculation  from  certain  known  facts  that  the  zero  can 
be  determined. 

The  possibility  of  this  occurred  to  Dr  Irvine,  and  the 
principles  on  which  his  method  were  founded  are  extreme- 
ly simple.  Assuming  that  the  caloric  contained  in  bodies  is 
as  their  capacities,  and  knowing  the  difference  between 
the  capacity  of  a body  in  its  different  states,  for  example 
in  its  solid  and  liquid  states,  it  is  obvious,  that  if  we 
ascertain,  by  experiment,  the  quantity  of  caloric  which  it 
absorbs  or  gives  out  in  passing  from  one  state  to  the  other, 
we  can  determine  the  whole  quantity  of  caloric  it  contains  $ 
for  the  quantity  evolved  bears  a certain  proportion  to  this, 
which  proportion  the  difference  of  capacity  gives.  Thus, 
if  the  capacity  of  water  be  10,  and  that  of  ice  9,  and  if 
the  whole  quantity  of  caloric  which  each  contains  be  as  its 
capacity,  then  water  contains  a quantity  as  10,  ice  a quan- 
tity as  9,  or  water  contains  one-tenth  more  caloric  than 
ice  at  the  same  temperature.  This  tenth  part,  of  course, 
is  given  out  when  water  passes  into  the  state  of  ice ; the 
quantity  actually  evolved  by  it  we  discover  by  experiment 
lo  be  equal  to  what  would  raise  its  temperature  14-0°  of 
Fahrenheit’s  scale.  The  water  previous  to  freezing,  there- 
iore,  contained  a quantity  equal  to  ten  times  this,  or  a 
quantity  equal  to  what  would  elevate  its  temperature  1 400°. 
Of  course,  at  this  distance  from  32°  of  Fahrenheit,  it 
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would  bo  wholly  deprived  of  caloric,  or  the  real  zero 
would  be  placed ; and  this  would  be  the  same  with  regard 
to  all  bodies  measured  by  thermometrical  degrees,  accord- 
ing to  the  capacity  of  each  ; for  although  they  contain  dif- 
ferent quantities,  this  is  only  because  they  require  different 
quantities  to  produce  the  same  elevation  of  temperature  : 
the  degrees  of  temperature  arc  the,  same. 

The  calculation  of  Irvine  was  confirmed  by  the  experi- 

/ 

ments  of  Crawford,  and  also  by  those  of  Gadolin,  both 
made  on  the  capacities  of  bodies  combining  together,  the 
capacity  of  the  compound  formed,  and  the  quantity  of  ca- 
loric absorbed  or  evolved  during  the  combination.  Craw- 
ford, by  determining  the  capacity  of  water,  the  capacities 
of  its  constituent  principles,  and  the  quantity  ol  caloric 
evolved  when  these  combine,  found  the  zero  to  be  at  lo32 
below  the  freezing  point  of  water;  and  Gadolin,  from  ob- 
serving the  changes  of  temperature  in  the  solution  of  mu- 
riate of  soda  in  water,  and  also  in  the  combination  ot  sul- 
phuric acid  and  water,  compared  with  the  capacities  ot 
the  respective  substances,  placed  it  at  1432  below  that 
point.  Other  chemists,  however,  have  obtained  results 
extremely  discordant.  In  the  experiments  of  Lavoisier 
and  La  Place,  the  numbers  are  very  remote  from  those 
above  stated,  and  from  each  other ; and,  in  the  more  re- 
cent experiments  of  Dalton,  are  so  even  to  a greater  ex- 
tent ; the  zero  being  found,  from  some  experiments,  at 
3000,  others  at  5000,  or  at  7000°  below  the  temperature 
of  freezing  water.  We  can,  ot  course,  place  little  confi- 
dence in  .any  of  these  calculations  ; and  either  the  assump- 
tion on  which  the  theorem  rests,  that  the  quantity  of  cate- 
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ric  in  bodies  is  as  their  capacity,  is  incorrect ; or  the  expe- 
riments, so  far  as  relates  to  the  estimation  of  the  capacities, 
must  be  liable  to  sources  of  error  nearly  unavoidable,  and 
which,  from  being  multiplied  by  the  calculation,  give  rise, 
even  though  trivial  in  themselves,  to  errors  so  great.  Ihe 
latter  is  probably  the  case ; for  the  methods  of  discovering 
the  capacities  of  bodies,  give  us  rather  approximations 
than  absolutely  accurate  results. 

From  the  diversity  of  opinions  which  has  prevailed  with 
regard  to  the  state  in  which  caloric  exists  in  bodies,  seve- 
ral forms  of  expression  have  been  introduced,  and  are  still 
in  use,  which  it  may  be  proper  to  define. 

Free  caloric  is  caloric  in  that  state  in  which  it  expands 
bodies,  and,  accumulated  to  a certain  extent,  occasions 
the  sensation  of  heat.  It  is  synonymous  with  the  sensible 
heat  of  Dr  Black,  and  with  the  caloric  of  temperature  of 
other  chemists. 

Specific  caloric  is.  the  quantity  of  caloric  peculiar  to  any 
body  compared  with  another,  and  therefore  expresses  the 
relative  quantities  of  caloric  contained  in  equal  weights  of 
different  bodies  at  the  same  temperature.  It  is  synony- 
mous with  the  comparative  heat  of  Dr  Crawford.  Others 
have  used  the  phrase  relative  heat  in  a similar  sense. 
This,  however,  is  employed  by  Wilcke  to  denote  the  spe- 
cific caloric  of  a body,  estimated,  not  by  the  weight,  but 
by  the  volume. 

1 he  disposition  or  property  by  which  different  bodies 
contain  certain  quantities  of  caloric,  at  any  temperature, 
is  termed  their  capacity  for  caloric. 
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Latent  caloric , or  latent  heat,  is  the  expression  used  to 
denote  that  quantity  of  caloric  which  a body  absorbs, 
when  it  changes  its  form.  Combined  caloric  is  that  por- 
tion supposed  to  be  contained  in  any  body,  in  a state  of 
chemical  combination.  The  Absolute  Heat  of  Crawford 
denotes  the  whole  quantity  of  caloric  which  any  body 
contains  *,  and  is  expressed,  according  to  the  modern  che- 
mical language,  by  saying,  the  absolute  quantities  of  calo- 
ric present  in  bodies. 


Sect.  VII. — Of  the  Nature  of  Caloric. 

• \ 

By  the  ancient  philosophers,  the  cause  of  heat  was  con- 
sidered as  a peculiar  subtle  fluid  or  element ; and  this  opi- 
nion was  received  until  the  time  of  Bacon.  From  obser- 
ving that  the  circumstances  which  cause  augmentation  of 
temperature  are  such  as  excite  motion,  and  that  in  gene- 
ral whatever  produces  motion  produces  heat,  he  advanced 
the  hypothesis,  that  the  heated  state  of  bodies  depends 
merely  on  vibration  of  their  particles.  Though  this  opi- 
nion wras  adopted  by  some  chemists,  particularly  by  Boyle, 
Newton,  and  Macqaer,  the  other,  which  considers  the 
phenomena  of  heated  bodies  as  depending  on  the  presence 
of  a peculiar  material  principle,  continued  to  be  more  ge- 
nerally received. 

The  general  phenomena  which  arc  produced  by  the  ac- 
tion of  caloric,  are  sufficiently  explained  on  the  hypothesis 
of  its  being  a subtle  highly  elastic  fluid,  capable  of  pene- 
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crating  bodies,  with  the  exception  of  one  familiar  phenp- 
menon, — the  excitation  of  heat  by  friction,  percussion,  or 
any  species  of  motion  producing  vibration  in  the  particles 
of  bodies.  On  the  hypothesis  of  temperature  depending 
on  the  presence  of  a material  agent,  it  is  difficult  to  con- 
ceive how  it  should  be  raised  by  the  operation  of  these 
causes,  and  it  is  from  this  difficulty  that  the  hypothesis  of 
its  depending  on  motion  has  originated. 

The  difficulty  has  appeared  greater,  too,  since  the  exci- 
tation of  temperature  by  friction  has  been  investigated 
with  more  precision  ; for  it  appears  to  be  produced  with- 
out limitation  while  the  friction  is  applied,  and  without 
any  external  source  whence  it  may  be  supplied.  Rumford 
observed,  that  in  the  boring  of  cannon,  much  heat  is  rcn-r- 
dered  sensible  by  the  friction.  To  ascertain  its  quantity 
with  more  accuracy,  he  placed  a solid  cylinder  of  brass  in 
a trough  with  water,  and  applied  the  borer  to  it  in  the 
usual  manner.  In  an  hour  the  temperature  had  risen 
from  CO  to  107,  and  in  two  hours  and  a half  the  water  was 
brought  to  boil,  its  quantity  being  18  libs.,  and  the  appa- 
ratus immersed  in  it,  which  was  of  course  likewise  heated 
to  212°,  being  equal  to  15  libs.  This  excitation  of  heat,  it 
w'as  obvious,  was  independent  on  any  action  of  air,  as  this 
was  excluded  by  the  manner  of  making  the  experiment : the 
water  docs  not  appear  to  have  exerted  any  chemical  agency, 
as  it  suffered  no  change  : the  caloric,  Rumford  supposed, 
could  not  be  derived  from  the  surrounding  matter,  as  this 
was  actually  receiving  heat  from  the  body  submitted  to  fric- 
tion, and  it  could  not,  he  conceives,  be  derived  from  this 
body  itself  from  any  diminution  of  capacity  produced  by 
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the  friction,  as  the  capacity  of  the  borings  of  the  metal  he 
found  to  be  the  same  with  that  of  the  mass  of  metal.  He 
concludes,  therefore,  that  what  was  thus  furnished,  appa- 
rently without  limitation,  could  not  be  material,  and  that 
it  is  difficult  to  conceive  of  any  thing  capable  of  being  ex- 
cited in  the  manner  the  heat  was  excited  and  communi- 
cated in  these  experiments,  except  motion.  Experiments 
giving  a similar  result  were  published  nearly  at  the  same 
time  by  Mr  Davy. 

In  comparing  the  two  hypotheses  thus  advanced  on  the 
nature  of  caloric,  little  doubt  can  remain  of  the  superiori- 
ty of  that  which  regards  it  as  a material  principle ; for  the 
general  phenomena  connected  with  its  operation  receive 
a satisfactory  explanation  from  this  assumption,  at  least 
with  the  exception  of  the  difficulty  now  stated ; while,  on 
the  opposite  hypothesis,  that  it  arises  from  vibration  or 
motion  of  the  particles  of  matter,  these  phenomena  are 
very  imperfectly  explained.  Expansion,  fluidity,  and  va- 
porization, may  be  conceived  to  arise  from  the  introduc- 
tion of  an  elastic  fluid  counteracting  the  mutual  attraction 
of  the  particles  of  matter:  this  fluid,  it  is  sufficiently  pro- 
bable a priori , may  have  peculiar  relations  to  different 
bodies,  may  therefore  be  propagated  through  them  with 
different  degrees  of  facility,  be  contained  in  them  in  a 
given  state  in  unequal  quantities,  or  may  act  upon  them 
unequally,  so  as  in  equal  quantities  to  produce  unequal 
effects.  Considering  caloric,  on  the  other  hand,  as  a- 
ri'sing  from  vibration,  it  is  not  obvious  how  this  should 
produce  even  the  most  general  effect,  that  of  expansion : 
we  do  not  perceive  how,  when  accumulated  to  a certain 
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extent,  it  should  give  rise  to  permanent  repulsion  : we  are 
equally  at  a loss  to  account  for  the  law  which  regulates  its 
distribution  in  bodies,  as  producing  temperature,  or  the 
laws  of  its  communication,  which  are  different  from  those 
of  motion. 

To  establish  this  superiority  more  decidedly,  there  re- 
mains to  be  explained,  on  the  assumption  of  the  materia- 
lity of  caloric,  its  excitation  by  friction.  Is  the  following 
hypothesis  adequate  to  this  ? By  friction,  or  similar  causes 
of  motion,  the  particles  of  bodies  are  thrown  into  a state 
of  vibration ; they  alternately  approach  to,  and  recede 
from  each  other.  In  their  approach,  the  common  law 
vith  regard  to  the  effect  of  condensation  on  temperature 
must  be  observed,  or  heat  will  be  excited ; in  the  corre- 
ponding  retrocession,  heat  will,  no  doubt,  from  the  same 
;ause,  be  absorbed.  Now,  is  it  possible,  that  in  this  re- 
rocession  the  layer  of  matter,  in  the  state  of  vibration, 
nay  rather  receive  caloric  from  the  contiguous  layer,  and 
iltimately  from  the  rest  of  the  mass,  than  re-absorb  that 
vhich  had  been  evolved  in  the  preceding  approximation, 
hat  in  this  way  a current  of  caloric  may  flow  towards  the 
ibrating  surface,  and  a constant  evolution  of  it  be  kept 
P ? The  possibility  of  this  will  perhaps  be  established  by 
roving,  that  an  analogous  case  occurs  in  which  this  hap- 
ens.  1 he  excitation  of  electricity  by  friction  affords  it. 
he  surface  affording  electricity  is  in  a state  of  vibration 
•om  the  friction  applied  to  it  •,  and  the  phenomena  of  clcc- 
icity  prove,  that  the  electric  fluid  forced  out,  probably 
y the  approximation  of  the  particles  from  the  vibration, 
not  re-absorbed  in  the  following  retrocession,  but  forms. 
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an  atmosphere  around  the  electric  body,  or  is  carried  off 
by  the  surrounding  matter,  while  a new  portion  is  received 
from  the  mass  in  contact  with  the  excited  surface,  and  ul- 
timately from  the  earth,  so  that  a constant  evolution  of  it 
can  be  continued,  while  the  friction  is  applied.  Caloric 
may  follow  the  same  law,  though,  from  not  having  that 
relation  which  electricity  has  with  regard  to  conducting 
and  .non-conducting  matter,  this  is  not  so  easily  established. 
If  it  do  operate,  it  may  give  rise  to  similar  phenomena,  at 
least  to  a less  extent. 

The  evolution  of  caloric,  from  this  cause.,  is  no  doubt 
connected  with  diminution  of  capacity ; and  that  this 
-should  happen,  is  even  rendered  extremely  probable,  from 
the  effect  of  condensation  on  the  capacities  of  bodies,  as 
already  illustrated..  But  this  diminution  of  capacity  is 
•only  momentary,  though  constantly  renewed ; and  the  ex- 
periment, therefore,  by  Rum  ford,  of  ascertaining  the  ca- 
pacity after  the  friction  has  ceased,  is  wholly  inconclusive. 
It  is  farther  to  be  remarked,  that  a very  slight  diminution 
of  volume  may  be  sufficient  to  produce  a considerable 
elevation  of  temperature.  Berthollet  has  justly  remarked, 
with  regard  to  Romford’s  experiment,  that  a very  large 
addition  of  caloric  is  requisite  to  produce  even  a small 
•augmentation  of  volume  in  a mass  of  solid  metal,  and  that 
of  course  a small  reduction  of  volume,  and  therefore  an 
approximation  of  the  particles,  during  friction,  far  from 
considerable,  may  evolve  a large  quantity  ot  heat. 

The  conveyance  of  calorie  through  a vacuum  has  been 
advanced  as  a proof  of  its  distinct  existence  as  a material 
principle;  but  no  perfect  vacuum  probably  can  be  formed. 
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and  the  proof  therefore  is  defective.  The  phenomena  of 
radiant  caloric  appears  to  demonstrate  the  actual  existence 
of  a subtle  matter  projected  in  right  lines  from  heated 
bodies,  capable  of  exciting  temperature,  and  this  would 
afford  a conclusive  proof  of  its  materiality,  were  it  unequi- 
vocally established  that  these  phenomena  are  wholly  inde- 
pendent of  the  air ; but  on  this  point  the  speculations  of 
Mr  Leslie  leave  some  doubt.  The  existence  of  calorific 
rays  in  the  solar  beam  might  be  considered  as  affording 
similar  evidence;  but  the  degree  of  uncertainty  under 
which  the  fact  still  remains  with  regard  to  this,  leaves  an 
equal  uncertainty  as  to  the  force  of  the  conclusion.  Tho’ 
the  hypothesis,  therefore,  of  the  materiality  of  caloric,  is 
supeiioi  in  its  adaptation  to  the  phenomena  to  that  which 
assigns  the  production  of  these  phenomena  to  motion  of 
the  particles  of  matter,  it  can  scarcely  perhaps  be  con- 
sidered as  fully  established. 

It  may  be  added,  that  those  who  have  denied  the  mate- 
riality of  this  power,  have  limited  the  discussion,  by  em- 
bracing the  hypothesis  of  Bacon,  that  the  heated  state  of 
bodies  arises  from  vibration  of  their  particles, — an  hypothe- 
sis which  gives  no  adequate  explanation.  But  the  ques- 
tion need  not  be  considered  under  this  restricted  view. 
Caloric,  if  its  materiality  be  not  admitted,  may  be  con- 
sidered as  u general  force  producing  repulsion  ; and  if  we 
set  aside  the  lacts  with  regard  to  its  apparent  radiation, 
this  perhaps  would  not  be  the  most  improbable  opinion  on 
the  nature  of  this  power.  Our  knowledge,  however,  is 
not  sufficiently  advanced  on  this  subject,  and,  in  particu- 
lar, while  the  relations  of  caloric  to  light  and  to  electricity 
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remain  imperfectly  developed,  and  the  nature  ol  these 
agents  is  unknown,  any  hypothesis  with  regard  to  the 
former  must  rest  on  imperfect  grounds. 

The  question  with  regard  to  the  materiality  of  caloric 
lias  been  attempted  to  be  determined,  by  discovering  if  it 
is  subject  to  gravitation,  or  has  weight.  The  investiga- 
tion of  this  has  given  rise  to  very  discordant  results,  some 
experiments  appearing  to  establish  its  gravity,  others  fa- 
vouring even  the  opposite  conclusion,  that  it  countciacts 
gravitation,  and,  communicated  to  bodies,  renders  them 
positively  lighter.  These  differences  arise  from  the  diffi- 
culties attending  the  experiments ; and  from  the  subtility 
of  this  agent,  it  is  not  to  be  expected,  even  if  it  were  sub- 
ject to  gravitation,  that  this  could  be  discoveied  by  any 
apparatus  we  can  employ.  We  might  probably  as  well 
attempt  to  weigh  the  particles  of  light.  In  some  ol  the 
experiments,  accordingly,  made  with  the  greatest  care,  and 
with  the  most  delicate  apparatus,  no  sensible  difference  in 
weight  in  a body  could  be  discovered  when  caloric  was 
communicated  to  it,  and  when  it  was  withdrawn. 


Sect.  VIII.— Of  the  Sources  of  Variations  of  Tempera - 
turet  and  the  Applications  of  these  to  Practical  Chemistry. 

The  tendency  of  caloric  being  to  diffuse  itself  over 
matter,  until  an  equilibrium  of  temperature  is  established, 
this  would  at  length  be  attained,  did  no  external  cause* 
operate  by  which  it  is  counteracted.  Such  uniformity  ol 
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temperature,  however,  would  be  incompatible  with  the 
varied  operations  of  nature ; it  is  therefore  prevented  by 
certain  general  arrangements,  constant  in  their  action, 
giving  rise  to,  and  bounding  that  extent  of  variation 
which  these  operations  require. 

The  great  source  of  natural  heat  is  the  action  of  the 
solar  rays.  As  every  part  of  the  earth’s  surface  is  not 
equally,  and  at  all  times  exposed  to  this  action,  inequality 
of  temperature,  giving  rise  to  variety  of  climate,  and 
change  of  season,  is  established.  The  extreme  of  heat, 
which  might  accumulate  where  the  action  of  the  solar  rays 
is  most  powerful,  is  preserved  within  due  limits  by  changes 
to  which  the  operation  of  this  heat  itself  gives  rise,  and 
which,  so  perfect  is  this  adjustment,  are  even  rendered 
subservient  to  moderating  cold,  where  it  might  become 
intense. 

These  important  effects  are  obtained,  principally  by 
changes  in  the  atmosphere,  and  in  the  distribution  of 
water.  When  the  surface  of  the  earth  is  heated,  a portion 
of  this  heat  being  communicated  to  the  air  incumbent  on 
it,  this  is  expanded,  and  of  course  ascends ; an  ascending- 
current  is  established,  which  is  supplied  by  colder  and 
more  dense  air  pressed  from  every  side ; the  accumulation 
of  heat  is  retarded,  and  the  warmer  air,  propelled  to 
colder  climates,  gradually  gives  out  the  heat  it  had  re- 
ceived. 1 he  agency  of  water  is  scarcely  less  important. 
As  the  temperature  is  elevated,  it  evaporates  in  greater 
quantity,  and  in  passing  into  vapour  absorbs  caloric,  from 
its  increasing  capacity,  without  rising  in  temperature : 
"hen  the  heat  diminishes,  or  the  vapour  is  carried  to 
Vol.  I.  N 
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colder  regions,  it  is  condensed,  and  this  latent  caloric  is- 
rendered  sensible.  Where  the  cold  becomes  more  intense, 
water  is  congealed,  and  in  the  congelation  gives  out  the 
large  portion  of  latent  caloric  peculiar  to  it  in  the  liquid 
form : at  the  return  of  warmth,  the  ice  is  melted,  and  ca- 
loric absorbed.  The  transitions  of  seasons  are  thus  mo- 
derated, sudden  and  extreme  variations  guarded  against, 
and  the  temperature  of  the  globe  is  every  where  preserved 
more  uniform. 

The  range  of  natural  temperature  is  comparatively  mo- 
derate, extending  only  from  a few  degrees  above  100  of 
Fahrenheit  to  about  50  below  the  commencement  of  the 
scale.  In  tropical  climates,  the  heat  in  the  shade  rises  oc- 
casionally to  110°.  In  the  north  of  Asia  and  of  Ameri- 
ca, the  cold,  in  the  winter  season,  is  sufficiently  intense  to 
freeze  quicksilver,  and  must  therefore  be  lower  than  — 40  ; 
the  spirit  thermometer  has  been  observed  to  indicate — 50, 
and  there  iss  no  reason  to  believe  that  any  natural  cold 
much  exceeds  this.  The  medium  heat  of  the  globe,  and 
which,  at  a sufficient  depth  from  the  surface,  is  stationary, 
is  about  50  of  Fahrenheit. 

The  range  of  temperature  as  excited  by  artificial  me- 
thods is  much  greater.  We  cannot  indeed  exceed  great- 
ly the  greatest  natural  cold,  the  reduction  of  temperature 
by  the  most  powerful  freezing  mixtures  not  being  more 

than 90,  or  122  below  the  freezing  point  of  water.  But 

our  power  of  exciting  heat  is  less  restricted it  has  been 
measured  so  high  as  1G0°  of  Wedgwood’s  pyrometricn! 
scale,  or  21,877°  of  Fahrenheit ; and  as  at  this  tempera- 
ture effects  were  not  produced,  which  can  be  obtained 
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from  the  concentration  of  the  solar  rays  by  a powerful 
lens  or  speculum,  or  by  the  heat  excited  by  a current  of 
oxygen  gas  directed  on  burning  charcoal,  heats  more  in- 
tense than  this  are  of  course  under  our  command. 

An  important  subject  in  practical  chemistry,  is  that 
which  relates  to  the  processes  for  obtaining  and  applying 
artificial  heat  and  cold.  An  account  of  these,  and  a de- 
scription of  the  apparatus  adapted  to  them,  concludes  the 
chemical  history  of  caloric. 


The  sources  of  heat  are,  the  Solar  rays,  Electricity  and 
Galvanism,  Condensation,  Mechanical  action  between 
solids,  including  Friction  and  Percussion,  and,  lastly,  Che- 
mical action,  to  which  Combustion  belongs. 

From  the  action  of  the  solar  rays  without  concentration, 
the  thermometer  is  raised  to  above  100,  and  when  protect- 
ed from  a current  of  air,  even  to  above  200.  When  con- 
centrated by  a lens  or  mirror,  the  heat  is  of  extreme  in- 
tensity, equal  nearly  to  any  that  can  be  excited  by  artifi- 
cial arrangement,  all  the  metals  and  earths  nearly  being 
melted  by  it,  and  many  of  them  even  dissipated  in  vapour. 
It  admits,  however,  of  very  limited  application  from  the 
quantity  of  matter  on  which  it  can  be  made  to  operate. 

The  electric  spark  produces  heat  sufficient  to  kindle  a 
combustible  body,  and  the  discharge  from  a battery  raises 
the  temperature  of  the  matter  through  which  it  is  trans- 
mitted to  a degree  more  or  less  intense,  according  to  the 
strength  of  the  discharge.  The'  galvanic  discharge,  which 
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is  merely  a different  form  of  electricity,  produces  heat  still 
more  intense,  melting  the  most  refractory  of  the  metals, 
and  causing  all  of  them  to  burn.  These  are  afterwards  to 
be  considered. 

The  effect  of  condensation  in  producing  heat  is  most 
conspicuous  in  the  compression  or  rarefaction  of  elastic 
fluids,  as  in  these  a considerable  change  of  volume  can  be 
suddenly  produced.  By  condensing  a gas,  its  tempera- 
ture is  always  raised,  and  by  a forcible  and  rapid  conden- 
sation, this  extends  even  to  the  temperature  of  ignition,  a 
piece  of  tinder  being  easily  kindled  by  condensing  the  air 
in  a metallic  tube.  In  rarefying  any  clastic  fluid,  cold  is 
always  produced. 

Friction  and  Percussion  are  well-known  sources  of  heat- 
Two  solid  bodies  rubbed  against  each  other  always  become 
w'arm,  and  frequently  so  much  so,  that  if  inflammable 
they  are  kindled  ; the  heat  excited  varies  according  to  the 
hardness,  elasticity,  and  other  qualities  of  the  body  ; the 
hardest  are  not  those  that  are  most  heated.  Of  heat  from 
percussion,  the  spark  struck  by  steel  from  a flint  is  a fa- 
miliar example,  in  which  the  temperature  is  raised  to  ig- 
nition. 

Chemical  action  is  perhaps  invariably  attended  with  a 
change  of  temperature  ; it  is  often  productive  of  heat,  and 
in  some  cases  in  a state  of  high  intensity.  Combustion  is 
an  example  of  this,  this  process  being  the  combination  o* 
one  of  the  aerial  ingredients  of  the  atmosphere,  oxygen 
gas,  with  the  combustible  body,  and  the  heat  produced  a- 
rising  directly  from  this  combination.  It  is  therefore 
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much  regulated  by  the  rapidity  with  which  the  combina- 
tion is  effected. 

It  oxygen  gas,  in  its  pure  form,  be  supplied  to  the  com- 
bustible matter,  the  combustion  is  extremely  rapid,  and, 
of  course,  the  heat  is  intense,  and  by  this  method,  indeed, 
we  obtain  the  highest  degree  of  heat  which  appears  to  be 
capable  of  being  excited  by  artificial  arrangements.  The 
oxygen  gas  is  either  directed  in  a stream  on  ignited  char- 
coal, or  a current  of  it  is  mingled  with  a current  of  an  in- 
flammable elastic  fluid,  hydrogen,  and  the  mixed  gases  are 
kindled.  By  either  of  these  modes,  a heat  is  excited  su- 
perior to  that  in  the  focus  of  the  most  powerful  burning 
lens,  and  almost  every  substance  may  be  fused  or  dissipa- 
ted by  it. 

In  exciting  combustion,  merely  by  supplying  atmosphe- 
ric air  to  the  burning  body,  it  is  accelerated,  and  of  course 
the  lxeat  is  increased  by  certain  arrangements,  causing  the 
air  to  be  more  freely  and  rapidly  supplied.  On  this  prin- 
ciple, in  particular,  is  founded  the  construction  of  furnaces, 
a kind  of  apparatus  extensively  employed  in  chemical  ex- 
periments, as  applying  heat. 

The  essential  parts  common  to  every  furnace,  are  the 
body  or  fire  place  in  which  the  fuel  burns,  and  where  the 
vessel  containing  the  materials  to  be  operated  on  is  pla- 
cc^>  ^lc  chimney  by  which  the  smoke  and  heated  air 
escape,  and  the  ash-pit  designed  to  receive  the  ashes  of 
the  fuel,  and  by  apertures  in  which  air  is  admitted  to  re- 
gulate the  combustion.  The  advantage  from  an  appara- 
tus of  this  kind  in  exciting  combustion,  is  derived  from  its 
causing  a more  rapid  circulation  of  ajr.  The  air  in  the 
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upper  part  of  the  furnace  is  rarefied  by  the  burning  fuel ; 
it  therefore  ascends  by  the  chimney,  and  colder  air  being 
pressed  in  beneath,  rises  through  the  interstices  of  the 
fuel,  and  produces  a rapid  combustion.  From  this  it  is 
evident,  that  the  higher  the  chimney  is,  (at  least  to  the  ex- 
tent of  the  air  within  it  not  being  much  cooled,)  the  more 
rapid  the  current  of  air  will  be,  for  the  difference  wifi  be 
greater  between  the  specific  gravity  of  the  column  of  heat- 
ed air,  and  the  corresponding  column  of  the  external  at- 
mosphere. On  this,  therefore,  principally  depends  the 
power  of  the  furnace  to  produce  intensity  of  heat. 

It  is  necessary,  too,  to  confine  the  heat  and  prevent  its 
dissipation.  This  is  accomplished  by  coating  the  inner 
surface  with  some  substance  which  transmits  the  heat  slow- 
ly, as  a lute  of  clay  and  sand,  which  likewise  serves  to  de- 
fend the  furnace,  when  constructed  of  metal,  fiom  the  ac- 
tion of  the  fire.  When  fixed,  and  built  of  brick,  the  build- 
ing is  a sufficiently  imperfect  conductor  to  confine  the 

heat. 

A very  convenient  general  furnace,  applicable  to  most 
Of  the  operations  of  chemistry,  was  contrived  by  Dr  Black. 
It  is  represented  Plate  II.  Fig.  11.  A is  the  body  of  the 
furnace,  of  an  elliptical  form,  which  contains  the  fuel,  and 
frequently  the  substance  to  be  operated  on,  made  of  plate- 
iron,  and  lined  to  the  thickness  of  two  or  three  inches, 
first  with  a mixture  of  clay  and  charcoal,  beat  into  a paste 
with  water,  and  over  this,  next  to  the  fuel,  with  a coating 
of  clay  and  sand.  On  the  top  of  the  body  is  fixed  an  iron- 
plate,  having  two  apertures,  one,  a , placed  over  the  ca\ity, 
and  designed  to  receive  an  iron-pot  with  sand,  the  ether 
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■smaller,  to  which  the  chimney,  B,  made  of  a tube  of  iron, 
is  fixed.  C represents  the  grate,  in  a plate  of  iron  which 
is  fixed  to  the  bottom  *of  the  body  of  the  furnace,  nearly, 
but  not  exactly  opposite  to  the  larger  aperture  in  the  up- 
per plate.  D is  the  ash-pit,  the  body  of  the  furnace  being- 
received  into  it,  and  resting  on  a strong  ring  round  the 
cavity,  at  about  half  an  inch  deep.  In  this  ash-pit  is  a 
door,  b , turning  on  hinges,  to  remove  the  ashes  $ and  a 
register,  c,  designed  to  regulate  the  admission  of  air.  It 
is  a plate  of  iron,  in  which  are  six  apertures,  filled  witli 
plugs  ; the  size  of  them  increasing  in  geometrical  ratio,  so 
that  by  opening  them  singly,  or  in  combination,  the  sup- 
ply of  air  to  pass  through  the  fuel,  and  consequently  the 
heat  to  be  excited  in  the  furnace,  can  be  regulated  with 
Precision.  The  fuel  is  introduced  at  the  top,  but  as  it  can- 
not easily  be  supplied  this  way  in  the  progress  of  the  pro- 
cess going  on  in  the  furnace,  at  least  when  the  sand-pot  is 
used,  the  furnace  is  sometimes  constructed  with  a door  in 
the  side,  though  this  renders  the  regulation  of  the  admis- 
sion of  air  less  perfect.  When  the  furnace  is  used  for  fu- 
sion, or  similar  purposes  where  a sand-pot  is  not  required, 
the  upper  aperture  is  covered  with  a dome. 

In  operations  on  a larger  scale,  a fixed  furnace  of  brick, 
and  capable  of  exciting  an  intense  heat,  is  required.  Tig. 
1^-  represents  the  usual  form  of  a melting  furnace  of 
this  kind,  the  structure  of  which  is  obvious  from  the  figure. 
A is  the  cavity  oi  the  furnace,  terminating  by  a passage  in 
the  chimney  B,  which  is  raised  to  the  requisite  height.  At 
C is  an  aperture  covered  with  a plate  of  iron,  or  of  fire- 
brick, through  which  fuel  is  introduced.  On  the  grate,  1), 
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is  placed  a covered  crucible,  on  a pedestal  of  baked  clay, 
and  in  the  passage  of  the  chimney,  at  a , a muffle  is  some- 
times placed  i E is  the  ash-pit,  through  which  the  air  is 
admitted  to  the  fuel. 

When  solid  substances  are  to  be  exposed  to  these  in- 
tense heats  to  fuse  them,  or  to  favour  their  mutual  chemi- 
cal action,  crucibles  are  the  vessels  generally  employed,  for 
experimental  purposes.  The  Hessian  crucible,  as  it  is  na- 
med, is  a species  of  earthen-ware  or  baked  clay,  which 
stands  the  most  intense  heat  without  fusing  •,  the  only  dis- 
advantage attending  it  is,  that  it  is  liable  to  be  cracked  by 
very  sudden  alterations  of  temperature.  The  black-lead 
crucibles,  made  of  plumbago  and  clay  baked,  are  not  lia- 
ble to  this,  and  are,  therefore,  often  used,  especially  in  fu- 
sing metals ; from  a number  of  saline  substances,  however, 
they  suffer  corrosion.  The  usual  form  is  represented  Fig. 

1 3 . Crucibles  of  platina  are  sometimes  used.  Cupels  arc 
small  cups  made  of  bone-ajl*es,  very  porous : they  are  used 
principally  in  refining  the  more  precious  metals,  which  are 
not  oxidated  by  heat  and  air,  any  oxidable  metal  combi- 
ned with  them  soon  suffering  this  change,  and  the  vitri- 
fied oxide  being  absorbed  by  the  cupel.  They  are  placed 
under  an  arched  earthen  vessel,  open  at  the  end,  named  a 
Muffle,  Fig.  14.  by  which,  while  the  fuel  is  excluded,  the 
air  which  is  necessary  in  the  process  is  freely  admitted. 

In  applying  a more  moderate  and  equable  heat  to  fa- 
vour chemical  action,  the  medium  of  sand,  forming  the 
• Sand  Bath,  is  generally  employed,  and  glass  vessels  nam- 
ed Matrasses  or  Cucurbits  are  used.  The  cucurbit  is  re- 
presented, with  the  alembic,  PI.  IH*  Fig.  Fs*  as  the  ap~ 
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paratus  which  is  used  in  sublimation.  The  matrass  is  re- 
presented Fig.  9.  PI.  II. : from  being  blown  thin  and  equa- 
ble, it  sustains  alternations  of  temperature  with  less  risk 
of  breaking,  and  from  the  length  ot  its  neck  any  vapour 
which  is  formed  is  condensed  and  falls  back. 

A convenient  method  ot  applying  heat  from  combus- 
tion, where  it  is  not  necessary  that  it  should  be  very  in- 
tense, is  by  the  Lamp-furnace.  A lamp  with  a concen- 
tric wick,  and  internal  supply  of  air,  on  the  principle  of 
Argand  s,  affords  a heat  which  has  the  advantage  of  beino- 
easily  regulated  j the  elevation  or  depression  of  the  wick, 
and  the  distance  at  which  it  may  be  placed  from  the  body 
designed  to  be  heated,  allowing  the  application  of  various 
degiees  of  heat,  and  their  speedy  change.  By  having  a 
double  cii  cular  wick,  the  heat  is  rendered  more  powerful, 
at  least  three  times  more  so  than  when  the  lamp  with  a 
single  wick  is  used. 

1 he  lamp  is  sometimes  attached  to  an  iron  ox*  bi’uss 
rod,  on  which  it  slides,  and  to  which  are  attached  rino-s  of 
different  diameters,  to  support  a retort  or  matrass  above 
the  flame,  as  is  represented  PI.  I.  Fig.  6. 

A mode  of  applying  a very  strong  heat  at  a small  point, 
is  that  by  the  Blow-pipe.  This  instrument  is  a conical 
tube,  with  a small  aperture  at  its  narrow  extremity,  and 
having  towards  that  extremity  a moderate  curvature.  It 
is  made  of  brass,  or  of  glass.  By  blowing  through  this 
lube  on  the  flame  of  a candle  or  lamp,  in  a horizontal  di- 
rection, the  flame  is  urged  in  a conical  form,  and  at  the 
extremity  ol  it,  or  rather  at  the  exti’emity  of  an  internal 
blue  flame,  which  is  surrounded  by  one  of  white  light,  a 
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heat  comparatively  intense  is  excited.  It  is  used  by  the 
chemist  and  mineralogist  to  ascertain  the  fusibilities  of  bo- 
dies, and  by  the  artists,  in  enamelling  and  in  working  on 
glass,  which  is  melted  by  it,  so  as  to  be  capable  of  being 
moulded  into  any  shape,  or  blow  into  vessels  of  a small 

size. 

The  facility  of  blowing  through  the  blow-pipe,  so  as  to 
keep  up  a constant  stream  of  air,  is  not  easily  acquiied, 
and  it  is  fatiguing  to  continue  it  for  any  length  of  time. 
Different  contrivances  have  been  had  recourse  to,  to  ob- 
viate this  inconvenience.  The  instrument  is  sometimes 
connected  by  a flexible  tube  with  double  bellows  worked 
by  the  foot,  by  which  a uniform  stream  ot  air  is  forced 
through  the  tube.  The  vapour  of  spirit  of  wine  has  been 
applied  to  the  same  purpose : a quantity  of  spirit  being 
put  into  a small  vessel,  which  is  heated  over  the  flame  of 
a lamp  ; and  the  vapour  conducted  through  a curved 
tube  is  directed  on  the  flame  of  a candle,  or  that  ot  a wick 
placed  in  a different  part  of  the  same  tin  lamp  as  that  by 
which  the  spirit  is  heated.  A safety  valve  is  adapted  to 
the  vessel  containing  the  spirit,  to  render  the  flame  more 
regular. 

The  sources  of  Cold  are  Rarefaction,  Evaporation,  and 
Chemical  Action. 

The  operation  of  the  first  is  scarcely  conspicuous  but 
in  elastic  substances,  as  in  these  only  can  the  volume  be 
suddenly  changed  to  any  considerable  extent.  W hen  a 
gas  is  rarefied  by  removing  pressure  from  it,  its  tem- 
perature always  falls,  and  the  more  sudden  and  great  the 
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rarefaction  is,  the  cold  produced  is  greater.  By  allowing 
air,  previously  compressed,  to  expand  suddenly,  the  tem- 
perature is  reduced  below  32°. 

In  the  transition  of  substances  to  the  aerial  form,  an 
augmentation  of  capacity  always  happens,  whence  an  ab- 
sorption of  caloric  follows.  Evaporation,  therefore,  is  al- 
ways attended  with  cold,  and  is  greater,  according  as  the 
liquid  passes  more  quickly  into  the  aerial  form,  or  as  this 
is  accelerated  by  circumstances.  Thus,  the  bulb  of  a 
thermometer  being  moistened  with  water,  and  the  evapo- 
ration being  promoted  by  directing  a current  of  air  on  it, 
the  temperature  falls  5 degrees,  with  alkohol  under  the 
same  circumstances  12  degrees,  and  with  sulphuric  ether 
30  degrees.  On  removing  the  pressure  of  the  atmosphei*e, 
the  evaporation  is  of  course  more  rapid,  and  hence  the 
cold  is  greater. 

Chemical  action  is  a source  of  much  more  intense  cold, 
by  the  rapid  change  of  form  to  which  it  gives  rise,  solid 
substances,  by  combining,  passing  into  the  liquid  form,  and 
this  being  attended  with  enlargement  of  capacity. 

The  most  simple  example  of  this,  is  in  the  solution  of  a 
salt  in  water,  which  is  always  attended  with  a fall  of  tem- 
perature, in  some  cases  to  the  extent  of  20,  30,  or  40  de- 
grees. When  mixtures  of  salts  are  dissolved,  the  reduc- 
tion is  still  greater,  and  these  form  what  are  usually 
named  Freezing  Mixtures.  Equal  parts  of  muriate  of 
ammonia,  and  of  nitre  in  powder,  added  to  water  in  the 
proportion  of  5 parts  to  8,  reduce  the  temperature  from 
50°  to  11°,  and  this  forms  one  of  the  most  economical  of 
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these  mixtures,  as  the  solid  matter  recovered  by  evapora- 
tion, and  dried,  answers  equally  well  as  before. 

By  dissolving  salts  in  acids  more  or  less  diluted,  greater 
degrees  of  cold  are  obtained.  Sulphate  of  soda,  added  to 
sulphuric  acid,  previously  diluted  with  an  equal  weight  of 
water,  depresses  the  temperature  from  50 L to  5°.  Mix- 
tures of  salts  cause  a still  greater  depression.  From 
phosphate  of  soda,  and  nitrate  of  ammonia,  added  to  di- 
luted nitric  acid,  a reduction  is  obtained  from  50  to  — 21. 

The  cold  from  similar  actions  exerted  between  these 
substances,  and  ice  or  snow,  is  still  more  intense  ; as  in  the 
change  which  results,  the  absorption  of  caloric  from  the 
liquefaction  of  the  ice  is  added  to  that  from  the  solution 
of  the  saline  matter.  Acids,  in  a certain  state  of  dilution, 
poured  on  snow  or  ice,  reduce  the  temperature  to  10,  20, 
or  30  degrees  below  the  freezing  point  of  water.  Solid 
salts  mixed  with  snow  are  often  equally  powerful.  A 
mixture  of  common  salt  and  snow,  afforded  Fahrenheit 
the  temperature  at  which  he  commenced  his  scale.  A 
mixture  of  dry  potash  and  snow  reduces  the  temperatuie 
to 53°,  and  a mixture  of  muriate  of  lime  and  snow  to 

—56°. 

From  the  application  of  these  freezing  mixtures,  the  ef- 
fects of  intense  cold  on  a number  of  substances  have  been 
ascertained.  Quicksilver  is  easily  rendered  solid ; the 
most  ductile  of  the  metals  lose  their  ductility  ; liquids 
that  resist  freezing  most  powerfully,  as  wines,  brandy, 
ether,  and  nitrous  acid,  are  congealed  ; and  some  of  the 
gases  that  appear  permanent,  as  ammonia,  and  oxy-muri- 
atic  acid  gas,  have  been  brought  to  the  liquid  form.  This 
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process  of  artificial  refrigeration  requires  to  be  conducted 
with  attention  to  several  circumstances.  The  solid  salts 
ought  to  be  recently  crystallized,  dry,  and  reduced  to  fine 
powder,  the  due  proportions  observed,  the  materials  ac- 
curately mixed,  the  vessel  employed  an  imperfect  conduc- 
tor, the  air  excluded  as  much  as  possible,  and,  to  attain 
extreme  cold,  the  materials  must  be  previously  cooled, 
taking  care  only  not  to  cool  them  below  that  temperature 
at  which  they  can  act  on  each  other. 

The  theory  of  the  action  of  freezing  mixtures  ultimate- 
ly rests  on  the  principle,  that  the  reduction  of  temperature 
arises  from  the  augmentation  of  capacity,  produced  by  the 
rapid  liquefaction  of  the  solid  ingredients.  There  are 
some  general  facts,  however,  connected  with  this  of  con- 
siderable interest,  particularly  as  enabling  us  to  point  out 
what  substances  are  best  fitted  by  their  mutual  action  to 
produce  cold,  what  degree  of  cold  may  be  expected  from 
their  mixture,  what  will  be  the  maximum  of  refrigeration, 
and  what  the  best  proportions  of  the  materials. 

It  is  obvious,  that  those  substances  will  produce  the 
greatest  cold,  which,  by  their  mutual  action,  produce  the 
most  rapid  solution, — which,  during  that  solution,  suffer 
the  greatest  augmentation  of  capacity, — and  which  form  a 
comnound  that  at  low  temperatures  remains  liquid.  There 
is  perhaps  no  individual  mixture  in  which  these  circum- 
stances are  present  to  the  greatest  extent ; yet  the  know- 
ledge ol  them  enables  11s  to  point  out  the  respective  powers 
of  the  mixtures  usually  employed. 

Thus,  in  the  solution  of  a salt  in  water,  there  is  merely 
the  gradual  transition  of  the  solid  to  the  fluid  form  ; hence 
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the  cold  produced  is  not  considerable.  When  two  salts 
are  mingled  together,  these,  by  their  reciprocal  action, 
both  accelerate  the  solution  of  each  other,  and  enable  a 
given  quantity  of  water  to  dissolve  a greater  quantity  : as 
more  solid  matter,  therefore,  passes  to  the  liquid  state,  and 
does  so  more  quickly,  a greater  portion  of  caloric  is  ab- 
sorbed in  a given  time,  and  a greater  degree  of  cold  is 
produced.  The  attraction  of  acids  to  water,  or  rather  to 
the  solid  particles  of  water,  is  strong,  and  their  mutual 
action  energetic ; ice  too  is  a substance  which,  in  its  tran- 
sition to  fluidity,  suffers  a large  augmentation  of  capacity, 
hence  it  may  be  concluded,  what  experiment  proves  to  be 
just,  that  from  the  action  of  acids  on  snow  or  ice,  a great 
degree  of  cold  will  arise.  Lastly,  in  the  mixture  of  two 
solid  substances,  which  by  their  mutual  action  pass  to 
fluidity,  the  comparative  enlargement  of  capacity  must  be 
greater,  and  a greater  diminution  of  temperature  pro- 
duced, though  this  is  in  some  measure  limited  by  the 
greater  slowness  with  which  two  solids  act  on  each  other. 

Another  principle  is  to  be  attended  to,  which  in  these 
mixtures  modifies  the  quantity  of  caloric  that  is  absorbed 
from  the  liquefaction.  Although  the  indirect  consequence 
of  the  chemical  action  between  the  substances  mixed  is 
absorption  of  caloric,  in  consequence  of  the  liquefaction  it 
occasions,  yet  its  direct  tendency  is  to  evolve  caloric,  by 
the  increase  of  density  which  chemical  action,  indepen- 
dent of  change  of  form,  always  occasions.  Hence  two  ef- 
fects result  from  the  mutual  action  of  the  ingredients  of 
freezing  mixtures, — evolution  of  caloric,  as  the  immediate 
result  of  the  combination,  and  absorption  of  caloric,  as  the 
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result  of  the  liquefaction  to  which  the  combination  gives 
rise ; and  the  ultimate  effect  is  compounded  of  these,  or 
the  actual  change  of  temperature  is  only  the  excess  of  the 
one  over  the  other.  This  is  generally  cold,  but  the  reverse 
sometimes  happens,  as  in  pouring  a concentrated  acid  on 
snow,  or  dissolving  solid  potash  in  water ; and  where  cold 
is  produced,  it  is  always  lessened  by  this  cause.  It  is 
therefore  sometimes  advantageous  to  diminish  the  energy 
of  the  more  active  substance  by  previous  dilution,  as  in 
employing  the  acids ; and  in  all  cases  there  is  a certain 
state  of  concentration  of  the  materials,  and  a certain  pro- 
portion of  them,  from  which  the  greatest  cold  will  be  ob- 
tained. 

Lastly,  it  is  to  be  remarked,  that  we  do  not  obtain  the 
reduction  of  temperature  to  the  lowest  point  in  the  ther- 
mometrical  scale  from  those  mixtures  which,  durino-  their 
mutual  action,  absorb  most  caloric.  If  we  take  two  freez- 
ing mixtures  at  32°,  the  one  muriate  of  lime  and  snow, 
the  other  diluted  sulphuric  acid  and  snow,  the  former  will 
produce  more  cold  than  the  latter ; it  will  sink  the  thermo- 
meter to  — 40°  or — 50°,  while  the  other  will  sink  it  to 
not  more  than — 25°.  But  we  may  reach  a lower  point  in  the 
•-cale  of  temperature,  by  successive  application  of  diluted 
sulphuric  acid  and  snow,  than  we  can  do  by  muriate  of  lime 
and  snow;  for,  past  a certain  temperature,  the  latter  mix- 
ture does  not  liquefy,  but,  on  the  contrary,  were  it  liquid 
would  become  solid,  while  the  former  remains  liquid  at 
lower  temperatures  than  this.  If  we  cool,  therefore,  pre- 
vious to  mixture,  muriate  o 1 lime  and  snow  to 73°,  no 

advantage  is  gained ; we  even  rather  diminish  their  mu- 
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tual  action,  by  adding  to  the  cohesion  of  each.  But  by 
previously  cooling  diluted  sulphuric  acid  and  snow,  an 
important  advantage  is  gained ; the  same  limit  is  not 
placed  to  their  mutual  action,  and  the  lower  the  tempera- 
ture is  reduced,  the  lower  will  the  temperature  be  that  re- 
sults from  that  action,  down  to  the  point  at  which  the  li- 
quid formed  by  the  action  of  the  acid  on  the  snow  would 
congeal. 

This  furnishes  us  therefore  with  the  general  rule,  that 
the  temperature  can  never  be  reduced  by  a freezing  mix- 
ture beyond  that  point  at  which  the  liquid  combination 
resulting  from  that  mixture  congeals  or  crystallizes,  and 
must  indeed  always  be  a degree  or  two  above  it.  It  also, 
in  some  measure,  determines  the  proportions  in  which  the 
substances  should  be  mixed  together ; those  being  best,  in 
which  the  action  shall  be  most  rapid,  without  being  too 
energetic  to  evolve  heat  from  the  combination,  and  in 
which  the  resulting  solution  is  of  that  strength,  that  is 
least  liable  to  congeal  or  crystallize. 

In  the  following  Table,  without  including  all  the  mix- 
tures that  have  been  employed,  I have  inserted,  from  the 
experiments  of  Lowitz  and  Walker,  a few,  which  are 
either  economical,  easily  managed,  or  capable  of  produc- 
ing very  intense  colds. 
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TABLE  OF  FREEZING  MIXTURES. 

Temperature  reduced, 

Muriate  of  ammonia,  5 parts,  nitrate  of  potash  } 

5,  water  It),  > 

Muriate  oi  ammonia,  5 parts,  nitrate  of  potash  7 
5,  sulphate  of  soda  S,  water  l6,  j 

Sulphate  of  soda  S,  muriatic  acid  5, 

Sulphate  ot  soda  5,  sulphuric  acid  diluted  with  7 
an  equal  weight  of  water  4 parts,  t 

Sulphate  of  soda  6',  muriate  of  ammonia  4, 7 
nitre  2,  diluted  nitric  acid  4,  r 

Sulphate  of  soda  6,  .nitrate  of  ammonia  5,  dilu- 7 
ted  nitric  acid  4,  f 

Muriate  ot  soda  1,  snow  2 parts, 

Nitric  acid  diluted,  snow 

Concentrated  sulphuric  acid,  snow, 

Muriate  of  soda  2,  muriate  of  ammonia  1, 
snow  5, 

Carbonate  of  potash,  snow, 

Muriate  of  soda  10,  nitrate  of  potash  5,  snow  7 
24,  > 

Sulphuric  acid  diluted  with  one-half  its  weight  7 
of  water,  2 parts,  snow  3 parts,  ° C 

Concentrated  muriatic  acid  5,  snow  8, 

Concentrated  nitrous  acid  4,  snow  7, 

Muriate  of  lime  5,  snow  4, 

3, . 2, 

~ ' 5, 3, 


} 


from  5C 

o 

r— 4 

o 

o 

50 

to  4 

50 

to  0 

50 

to  3 

50 

to- 10 

50 

to- 14 

32 

to  -5 

32 

to- 10 

32  1 

to-lOjI 

32 

to- 12 

32 

to- 17 

32  i 

to- 18 

Potash  4,  snow  3, 

Muriate  of  lime  2,  snow  1, 

3,  snow  1, 

Sulphuric  acid  diluted  with  half  its  weight  wa- 
ter 10,  snow  8, 

Vol.  r. 


} 


32  to-2!3 

32  to-27 
32  to-30 
32  to— 40 
32  to- 50 
32  to-53 
32  to-51 
0 to-6 6 
— -40  to-73 

— 6'S  to-91 


O 
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SCALE  OF  TEMPERATURE. 


These  observations  on  the  range  of  temperature,  natu  - 
ral  or  artificial,  may  be  concluded  with  a Table,  exhibit- 
ing the  principal  points  that  have  been  marked  in  the 
scale  of  heat. 

• - l 

Wedg.  Fahren. 


Extremity  of  the  scale  of  Wedgwood’s  ther- 


mometer 


240° 


Greatest  heat  of  an  air  furnace,  which  neither 
melted  nor  softened  Nankeen  porcelain 
Chinese  porcelain  softened,  best  sort 
Cast  iron  thoroughly  melted 
Hessian  crucible  melted 
Cast  iron  begins  to  melt 
Greatest  heat  of  a smith's  forge 
Flint  glass  furnace  (strongest  heat) 

Welding  heat  of  iron,  greatest 
Welding  heat  of  iron,  least 
Fine  gold  melts 
Settling  heat  of  flint  glass 
Fine  silver  melts 
Swedish  copper  melts 
Brass  melts 

Red-heat  fully  visible  in  day-light 


l60 

156 

150 

150 

130 

125 

114 

95 

90 

as 

29 

2.S 

27 

21 

0 


Iron  red-hot  in  the  twilight 
Fleat  of  a common  fire 
Iron  bright  red  in  the  dark 
Zinc  melts 
Quicksilver  boils 

Lowest  ignition  of  iron  in  the  dark 


Linseed  oil  boils 


32277° 


21877 

21357 

20577 

20577 

17977 

.17327 

15S97 

13427 

12777 

5237 

4847 

4717 

4587 

3S07 

1077 

S84 

790 

752 

.700 

672 

635 

600 


w 

SCALE  OF  TEMPERATURE.  211 

N#  » - 

Fahren. 

Lead  melts  - „ . 

Sulphuric  acid  boils  - 

Sulphur  burns  - 

Phosphorus  boils  . . 554 

Bismuth  melts  - . 

Tin  melts  - - . 442 

Nitric  acid  boils  - 240 

Sulphur  melts  - . 22(J 

Water  boils  (the  barometer  being  at  30  inches)  2 1 2 

Alkohol  boils  - . _ _ 

Phosphorus  melts  - . . _ 10q 

Ether  boils  - nQ 

Pleat  of  the  human  blood  ~ ~ 98 

Medium  temperature  of  the  globe  - - 50 

Ice  melts  QO 

Strong  wines  freeze  at  about  - ' 20 

A mixture  ol  alkohol  and  water,  equal  parts,  freezes  y 

A mixtuie  of  2 parts  of  alkohol  and  1 of  water  freezes  IF 

Melting  point  of  quicksilver  _ 

t ■ • J ^ 

Liquid  ammonia  crystallizes  - _ ^ 

Nitric  acid,  spec.  gr.  about  1.42,  freezes  - __45 

Sulphuric  ether  congeals  . _ ^ 

Natural  temperature  observed  at  Hudson’s  Bay  - __50 

Ammoniacal  gas  condenses  into  a liquid  - 54 

Cold  produced  from  diluted  sulphuric.acid  and  snow,  the 

materials  being  at  the  temperature  of — 57  . ^ 

Greatest  artificial  cold  yet  measured  (Walker)  - C)i 


% 
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CHAP.  II. 

•9 

OF  LIGHT. 

The  materiality  of  Light,  and  its  insulated  existence,  are 
sufficiently  demonstrated.  Its  emission  from  bodies,  its 
motion  even  to  the  most  distant  regions  of  space  inde- 
pendent of  any  medium,  the  changes  which  may  be  pro- 
duced in  that  motion  by  reflection  and  inflection,  and  the 
chemical  effects  it  produces,  are  proofs  of  this  material 
existence,  free  from  all  doubt.  We  cannot  easily,  how- 
ever, trace  the  combinations  of  light : we  observe  only  its 
evolution  and  absorption,  and  the  effects  arising  from 
these,  without  being  able  to  discover  how  far  it  influences 
the  constitution  of  bodies  in  which  it  exists,  or  to  what 
extent  it  is  liable  to  the  laws  of  chemical  attraction.  Its 
chemical  history,  therefore,  falls  to  be  considered  under  a 
point  of  view  nearly  the  same  as  that  under  which  caloric 
i&  regarded.  And  with  that  power  it  may  justly  be  asso- 
ciated as  a repulsive  agent,  the  particles  of  light  being 
mutually  repellent,  and  operating  perhaps  as  much  m pro- 
ducing chemical  change  by  the  repulsion  they  communi- 
cate, as  by  the  affinities  they  exert. 

Light  has  been  regarded  as  consisting  of  particles  of 
extreme  minuteness,  projected  from  luminous  bodies,  and 
moving  in  right  hues  with  the  utmost  velocity.  It  has 
also  been  considered  as  a continuous  fluid  of  perfect  elas- 
ticity and  extreme  tenuity,  diffused  through  space,  in 
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which  vibrations  are  excited  by  luminous  bodies,  so  as  to 
produce  its  peculiar  phenomena.  The  former  opinion  has 
been  more  generally  received,  as  better  adapted  than  the 
other  to  the  explanation  of  the  physical  affections  and  re- 
lations of  light ; and  it  appears  to  be  more  directly  esta- 
blished by  the  chemical  agencies  of  this  power, — its  ab- 
sorption by  bodies,  and  its  subsequent  evolution.  If  it  be 
admitted,  the  minuteness  of  the  particles  of  light  must  be 
extremely  great,  beyond  even  what  the  imagination  can 
clearly  conceive,  as  is  evident  from  the  velocity  of  their 
motion,  and  their  not  being  interrupted,  though  moving 
in  space  through  which  innumerable  rays  are  constantly 
projected. 

The  particles  of  light  are  mutually  repellent.  So  per- 
fect is  its  elasticity,  that  it  is  reflected  from  a body  at  an 
single  equal  to  the  angle  of  its  incidence.  It  is  subject  to 
the  attraction  exerted  between  masses  of  matter,  as  is 
proved  by  the  inflection  it  suffers  in  passing  near  to  any 
body,  or  in  passing  obliquely  from  one  medium  into  an- 
other, giving  rise  to  its  refraction. 

A ray  of  light  is  not  homogeneous,  but  consists  of  par- 
ticles suffering  refraction  in  different  degrees,  and  hence 
capable  of  being  separated.  These  excite  the  sensation  of 
vision  under  different  modifications,  giving  rise  to  diffc- 
ient  colours,  and  produce  different  chemical  effects.  An 
entire  ray  of  light  is  thus,  by  transmission  through  a trian- 
gular glass  prism,  divided  into  seven  rays,  the  red,  orange, 
yellow,  green,  blue,  indigo  and  violet,  the  red  being  the 
least  refrangible,  and  therefore  falling  on  a space  least  dis- 
tant from  that  on  which  the  undivided  ray  would  have  im- 
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pinged,  had  its  direction  not  been  changed ; the  violet  be- 
ing the  most  refrangible,  and  falling  therefore  on  a space 
most  distant  from  this  ; the  others  being  arranged  between 
these ; the  whole  forming  the  prismatic  spectrum.  In  this 
the  different  coloured  rays  occupy  unequal  spaces,  and 
their  limits  are  not  perfectly  defined. 

Of  these  coloured  rays  some  have  been  supposed  prima- 
ry, the  others  being  formed  by  their  intermixture.  Each, 
indeed,  suffers  no  change  by  farther  refraction,  but  this  is 
not  to  be  expected  even  on  this  hypothesis,  since,  if  any 
of  them  is  composed  of  two  kinds  of  rays,  these  must  be. 
of  the  same  refrangibility,  as  it  is  only  from  this  coinci- 
dence that  they  could  have  remained  associated  after  the 
first  refraction.  The  red,  yellow,  and  blue,  have  been 
supposed  primary,  as  they  give  rise  to  the  other  colours 
by  their  intermixture  : this  distinction  has  also  been  as- 
signed to  the  red,  green,  and  violet,  the  intermediate  co- 
lours  in  the  spectrum  being  formed  by  the  union  of  these 
two  and  two,  and  white  light  being  obtained  by  combining 
the  three.  The  differences  in  the  properties  of  the  co- 
loured rays  have  been  supposed  by  some  to  depend  on 
the  different  magnitudes  of  their  particles,  by  others  on 
the  different  velocities  with  which  they  move,— suppositions 
which,  iiowever  they  may  be  adapted  to  the  physical  rela- 
tions of  these  rays,  scarcely  explain  the  diflfci  enccs  in  theii 
chemical  powers. 

Light  is  differently  affected  by  different  bodies.  It 
passes  through  some  with  little  interruption  •,  by  others  it 
is  reflected;  some  reflect  one  ray  retaining  the  othcis,  an 
effect  giving  rise  to  the  colours  which  bodies  exhibit , 
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•there  are,  lastly,  some  in  which  the  light  is  absorbed,  and 
is  lost  by  numerous  reflections  and  refractions. 

Light  forms,  too,  a more  intimate  union  with  bodies,  of 
which  there  appear  to  be  different  degrees.  By  some 
it  is  absorbed,  and  is  again  slowly  emitted  without  any 
sensible  change : in  others  it  occasions  alterations  of  tem- 
perature, or  of  composition,  acting  as  an  important  che- 
mical power. 

The  property  which  has  been  named  Phosphorescence, 
■appears  to  depend  on  the  first  of  these  kinds  of  combina- 
tions. There  are  a number  of  substances  which,  when 
exposed  to  light,  appear  luminous  when  removed  from  it, 
and  continue  so  for  a longer  or  shorter  time.  These  are 
named  Solar  Phosphori,  and  the  luminous  appearance  in 
them  appears  to  arise  from  the  light  being  imbibed,  and 
again  slowly  emitted. 

This  property  is  conspicuous  in  a number  of  natural 
•substances,  particularly  in  earthy  minerals,  as  the  gems, 
marble,  heavy  spar,  fluor  spar,  and  others ; and  also  in 
•bodies  belonging  to  the  vegetable  and  animal  kingdoms, 
as  in  sugar,  paper,  the  shells  of  marine  animals,  &c.  So- 
lar phosphori  can  be  prepared  by  artificial  processes  still 
more  powerful.  The  Bolognian  phosphorus,  in  which 
tlic  property  was  first  observed,  is  prepared  from  sulphate 
of  barytes  made  into  a paste  with  mucilage,  and  calcined 
in  contact  with  ignited  charcoal.  Canton’s  phosphorus, 
which  is  still  more  powerful,  is  formed  from  calcined  oys- 
ter shells,  mixed  with  sulphur,  and  exposed  to  the  heat  of 
ignition  in  a crucible  for  an  hour. 
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There  is  much  diversity  in  the  degree  of  phosphores- 
cence. Some,  even  after  exposure  to  solar  light,  shine  so 
feebly,  that  the  eye  requires  to  be  rendered  sensible  by 
previous  darkness  to  perceive  it.  Others  are  illuminated 
by  the  mere  light  of  day  ; and  some  become  phosphores- 
cent when  exposed  to  the  light  of  a lamp.  Some  are  ren- 
dered luminous  by  an  electrical  discharge.  The  light 
emitted  is  not  always  white  ; it  is  frequently  yellow  or  red, 
and  some  exhibit  the  prismatic  colours. 

Temperature  has  a marked  effect  on  the  emission  of 
light  by  these  bodies.  When  they  are  shining,  the  lumi- 
nous appearance  ceases  if  they  are  exposed  to  the  cold 
of  a freezing  mixture.  It  becomes  more  vivid  by  applying 
heat;  and  if  it  has  ceased,  it  may  be  renewed  by  applying 
a stronger  heat,  so  that  a piece  which  has  been  for  some 
time  quite  dark,  may  be  made  to  shine.  When  the  phos- 
phorescence, however,  has  been  excited  by  heat,  it  ceases 
proportionally  sooner,  and  is  not  renewed  but  by  exposure 
again  to  light. 

This  property  is  quite  independent  of  the  action  of  the 
air ; a phosphorescent  substance  shining  clearly  when  in- 
closed in  a mass  of  glass. 

The  phenomena  of  solar  phosphorescence  appear  to 
lead  to  the  conclusion,  that  light  is  absorbed  by  the  phos- 
phorescent body,  and  is  again  emitted,  this  emission  be- 
ing promoted  by  the  repulsive  agency  of  heat.  There  is 
an  objection,  however,  to  this  in  the  fact,  which  appears  to 
be  sufficiently  established,  that,  in  exposing  the  phospho- 
rescent body  to  a particular  coloured  ray,  it  is  not  this  co- 
loured light  it  emits,  but  merely  the  light  which  visually 
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proceeds  from  it ; one  which  shines  with  a white  light  con- 
tinuing to  do  so,  whatever  ray  of  the  spectrum  it  has 
been  exposed  to  ; or  one  which  usually  exhibits  the  pris- 
matic colours  when  rendered  luminous,  still  doing  so  whe- 
ther it  has  been  submitted  to  white  light,  tor  to  the  colour- 
ed light  of  any  individual  ray.  These  facts  are  singular, 
and  not  easily  explained  on  any  theory ; but  it  is  not  im- 
possible that  one  species  of  coloured  light  may  be  capable 
of  being  converted  into  the  others, — a supposition  which 
would,  in  some  measure,  reconcile  them  with  the  obvious 
theory  of  phosphorescence. 

Another  species  of  phosphorescence  is  that  excited  by 
heat,  independent  of  any  previous  exposure  to  light,  and 
incapable  of  being  renewed.  It  is  exhibited  particularly 
by  fluor  spar,  by  several  of  the  gems,  and  by  a number  of 
earthy  fossils,  the  luminous  appearance  being  more  or  less 
vivid  when  heat  is  applied.  The  light  emitted  is  often  co- 
loured ; that  from  fluor  spar  is  purple ; in  some  the  lumi- 
nous appearance  is  momentary,  in  others  it  continues 
longer  ; it  is  equally,  with  the  former,  independent  of  any 
action  of  the  air. 

Phosphorescence,  apparently  similar  to  this,  is  excited 
by  attrition  ; two  pieces  of  quartz,  for  example,  appearing 
luminous  in  the  dark  when  rubbed  against  each  other, 
and  other  lossils  shining  even  from  very  slight  friction. 
I rom  some  the  light  is  colourless,  from  others  coloured : 
its  production  is  independent  of  any  action  of  the  air,  as 
it  is  equally  bright  under  water;  it  is  not  accompanied 
with  any  signs  of  electrical  excitation.  The  attrition 
might  be  supposed  to  excite  the  light  by  the  beat  it  may 
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produce ; but  the  very  slight  friction  that  is  often  sufficient 
to  produce  the  luminous  appearance,  that,  for  example, 
by  rubbing  a feather  on  the  surface,  is  unfavourable  to 
this  opinion  : there  are  fossils,  too,  rendered  phosphores- 
cent by  friction  and  not  by  heat,  and  vice  versa  ; and  in 
those  which  are  phosphorescent  from  both  causes,  if  the 
luminous  appearance  has  been  excited  by  heat  until  it 
cease  to  appear,  it  may  be  produced  anew  by  attrition. 

A kind  of  phosphorescence,  different  from  any  of  the 
preceding  varieties,  is  that  exhibited  by  animal  matter. 
Marine  animals  are  remarkable  for  this  property  ; almost 
all  the  species  of  sea  fish  becoming  luminous  after  they 
have  been  removed  for  some  time  from  the  water,  and 
continuing  to  shine  for  some  days.  The  same  appearance 
has  been  occasionally  observed  from  the  flesh  of  quadru- 
peds. It  does  not  appear  until  the  animal  has  been  for 
some  time  deprived  of  life,  but  it  is  always  apparent  be- 
fore there  are  any  signs  of  putrefaction,  and  it  ceases 
when  that  process  is  fully  established. 

The  most  important  fact  with  regard  to  this  species  of 
phosphorescence  is,  that  the  matter  having  the  luminous 
quality  can  be  extracted  in  a state  of  solution.  If  the 
substance  of  any  marine  animal  in  the  phosphorescent 
state  be  macerated  in  a saline  solution,  as  that  of  sea-salt, 
or  indeed  any  other  neutral  salt  of  a certain  strength,  a 
lucid  ring  soon  appears  at  the  surface  of  the  liquid,  and  the 
whole  becomes  luminous  when  agitated  ; this  continues  for 
several  days,  becoming  gradually  more  faint  until  it  is  ex- 
tinguished. Fresh  water  is  incapable  of  extracting  this 
luminous  matter;  the  luminous  appearance  in  saltwater 
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is  extinguished  by  acids,  alkalis,  ardent  spirit,  and  other 
substances.  A certain  degree,  too,  of  saline  impregnation 
is  necessary  to  its  appearance  *,  for  it  is  suspended  by  a so- 
lution either  too  dilute  or  too  concentrated,  being  revived 
in  this  case  when  the  proper  state  of  concentration  is  re- 
stored. 

'This  phosphorescence  is  augmented  by  agitation  : it  is 
impaired  and  even  extinguished  by  cold,  but  is  revived  by 
heat  : if  the  heat,  however,  be  too  high,  such  as  that  of 
boiling  water,  it  is  irrecoverably  extinguished.  Exclusion 
from  the  atmosphere  prevents  its  appearance,  and  a num- 
ber of  elastic  fluids  not  only  prevent  it  from  appearing, 
but  extinguish  it  when  it  has  been  produced.  It  is  not 
brighter,  however,  in  oxygen  gas  than  in  atmospheric  air ; 
neither  is  it  accompanied  with  any  sensible  heat. 

Tiie  light  from  rotten  wood  appears  to  be  of  a similar, 
kind,  observing,  in  its  production  and  extinction,  very 
nearly  the  same  relations. 

Light  is  emitted  from  certain  insects,  as  from  the  glow- 
worm, or  the  lantern-fly : the  light  is  variable,  being  at 
one  moment  brilliant,  at  another  fa i fit.  The  luminous 
appearance  depends  on  a peculiar  secretion,  and  may  even 
be  obtained  from  its  receptacle  by  compression  ; it  conti- 
nues to  shine,  too,  for  some  time  after  the  death  of  the 
animal.  It  had  been  observed,  that  the  light  of  the  glow- 
worm becomes  more  vivid  when  it  is  placed  in  oxygen  gas, 
which  gave  rise  to  the  suspicion  of  its  being  produced  by 
the  chemical  action  of  oxygen.  The  gas,  however,  ap- 
pears to  act  rather  by  exciting  the  secretion,  for  the  oxy-, 
gen  is  not  impaired  in  purity j and  tljie  luminous  appear- 
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ance  is  obtained  when  the  animal  is  under  water.  This 
Species  of  phosphorescence,  like  that  from  marine  animal 
matter,  is  extinguished  by  hydrogen  gas,  carbonic  acid 
gas,  and  various  other  elastic  fluids,  reviving,  however,  on 
the  admission  of  atmospheric  air. 

An  important  part  of  the  chemical  history  of  light  re- 
lates to  its  power  of  elevating  temperature.  The  solar 
rays  are  the  great  source  of  natural  heat ; and  when  con- 
centrated, excite  a very  intense  heat. 

Different  kinds  of  matter  are  unequally  heated  by  solar 
light ; through  transparent  bodies  the  rays  passing  with 
little  interruption,  the  temperature  is  not  so  much  raised 
as  in  those  which  are  opaque,  and  those  which  are  white 
are  less  heated  than  those  of  a darker  shade. 

A still  more  important  fact  connected  with  this  proper- 
ty is,  that  the  different  coloured  rays  of  light  have 'diffe- 
rent heating  powers.  Hutton  observed,  that  the  red  ray 
of  light  has  more  heating  power  than  wdiite  light.  Rochon 
found  that  an  air  thermometer,  exposed  successively  to  the 
action  of  the  different  coloured  rays,  separated  by  a prism, 
rose  higher  as  it  was  moved  from  the  violet  to  the  red,  the 
difference  in  the  two  extremes  being  nearly  8 to  1.  Her- 
schel  and  Englcfield  have  demonstrated  the  same  general 
fact,  and  shewn  the  relative  heating  powers  of  the  coloured 
rays  with  more  precision.  The  rise  of  a delicate  mercurial 
thermometer  placed  in  the  focus  of  a lens,  and  exposed  to 
the  coloured  rays  obtained  by  a prism  successively,  is 
shewn  in  the  following  table,  as  established  by  the  experi- 
ments of  Englefielil. 


OF  LIGHT. 


221 


In  the  blue  ray  in  3' 

from 

55° 

to  56° 

In  the  green  ray  in  3 

from 

54- 

to  58 

In  the  yellow  ray  in  3 

from 

56 

to  62 

In  the  full  red  ray  in  24- 

from 

56 

to  72 

In  the  confines  of  the  red  2-4 

from 

58 

to  73L 

Quite  out  of  visible  light  2i- 

from 

61 

to  79 

From  the  last  number  in  the  table  it  will  be  perceived, 
uot  only  that  the  fact  is  proved  of  the  different  coloured 
rays  having  different  heating  powers,  but  that  the  not  less 
important  result  is  established,  that  there  exist  in  the  so- 
lar beam  invisible  rays  which  are  powerful  in  producing 
heat,  these  being  accumulated  beyond  the  red  ray  when 
the  entire  beam  has  been  decomposed  by  the  prism,  and 
being,  of  course,  less  refrangible  than  the  red  ray.  Tliis 
had  been  previously  shewn  by  the  experiments  of  Her- 
schel.  Exposing  a thermometer  to  the  different  rays  of 
the  prismatic  spectrum,  each  ray  being  allowed  to  pass 
successively  through  a piece  of  pasteboard  with  a slit  in  it, 
so  as  to  exclude  the  others,  he  found  not  only  that  the 
heat  increased  progressively  from  the  violet  to  the  red  ray, 
but  that  when  the  aperture  in  the  pasteboard  was  brought 
to  coincide  with  the  space  beyond  the  red  ray,  the  heat 
continued : it  was  even  greater  at  the  distance  of  half  an. 
inch  than  in  the  red  ray  itself,  and  is  here  at  its  maxi- 
mum ; as  is  apparent,  also,  from  the  numbers  in  Englc- 
field’s  table : at  the  distance  of  an  inch,  the  rise  of  the 
thermometer  amounted  to  5^°,  being  7 in  the  red  ray, 
and  the  heating  power  was  sensible  at  the  distance  even 
of  an  inch  and  a hall'.  Keyond  the  violet  ray  there  is  no 
sensible  heat. 
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Admitting  the  accuracy  of  these  experiments,  it  is  esta- 
blished, that  in  the  solar  rays,  there  are  invisible  calorific 
rays,  as  well  as  visible  rays  of  light.  Now  this  bei  g pro- 
ved, the  hypothesis,  it  is  evident,  may  be  proposed  as 
not  improbable,  that  the  apparent  heating  power  of  the 
visible  rays  of  light  is  not  a property  belonging  to  them, 
but  depends  on  the  presence  of  calorific  rays  associated 
with  them.  The  entire  beam  of  visible  light  is  not  homo- 
geneous, but  consists  of  rays,  which,  being  of  unequal  re- 
jrangibility,  are' capable  of  being  separated,  forming,  when 
thus  refracted,  the  visible  or  coloured  spectrum.  But  the 
calorific  matter  in  the  solar  beam,  it  is  equally  probable 
u priori , may  not  be  homogeneous,  but  like  light  may  con- 
sist of  rays  of  different  refrangibility.  If  so,  these  rays 
will  also  be  separated  by  the  prism,  and  an  invisible  calo- 
rific spectrum  be  formed,  the  rays  composing  which  may 
differ  in  heating,  as  the  rays  of  light  differ  in  illuminating 
power.  If  this  happen,  the  one  spectrum  wall  be  in  some 
measure  blended  with  the  other,  and  thus  the  visible  rays 
of  light  will  appear  to  have  different  degrees  of  heating 
power,  though  in  themselves  they  may  have  no  power 
whatever  to  produce  heat. 

Herschel  endeavoured  to  establish  this  conclusion,  by 
experiments  resting  on  the  following  assumption  : Taking 
the  illuminating  power  as  the  property  characteristic  of  vi- 
sible light,  if  the  heating  power  of  any  ray  be  a property 
belonging  to  it,  and  not  depending  on  any  calorific  ray 
associated  with  it,  it  seems  obvious,  that  when  the  colour- 
ed ray  is  transmitted  through  a certain  medium,  as,  for 
example,  through  glass,  its  illuminating  and  heating  powers 
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must  be  diminished  exactly  in  the  same  proportion.  It  is 
not  to  be  expected,  that  it  will  pass  through  without  a 
certain  degree  of  interruption  •,  but  it  may  be  presumed, 
and  appears  indeed  to  be  a necessary  inference,  that  if 
both  properties  depend  on  the  same  matter,  they  must  be 
diminished  to  the  same  extent,  while,  if  the  illuminating 
power  depends  on  one  kind  of  ray,  the  heating  power  on 
another,  it  is  possible,  a priori,  and  indeed  to  be  xpected, 
that  these  will  be  unequally  intercepted,  and  of  course  the 
powers  will  be  unequally  impaired. 

To  ascertain  the  fact  with  regard  to  this,  a very  exten- 
sive series  of  experiments  was  executed  by  ITerschel,  and 
the  general  result  established,  that  the  two  powers,  that  of 
illumination,  and  that  of  heat,  are  very  unequally  impair- 
ed by  transmission  of  light,  either  entire,  or  in  the  state 
of  the  different  coloured  rays  through  transparent  media, 
as  different  liquids,  or  glass  of  different  colours.  In  some 
the  heating  power  was  considerably  more  impaired  than 
the  illuminating  powTer,  and  in  others  the  reverse  was  the 
case. 

It  appears  to  follow,  therefore,  that  the  two  properties 
do  not  depend  on  the  same  agent : the  illumination  depends 
on  rays  of  light,  the  heat  on  calorific  rays  ; ami  in  any  co- 
loured ray  the  two  properties  appear,  merely  because  from 
the  correspondence  in  the  order  of  refrangibility,  certain 
of  the  calorific  rays  are  associated  with  certain  of  the  visi- 
ble rays  of  light.  Herschel  has  pointed  out  some  other 
discordant  results  in  comparing  these,  which  strengthen  the 
conclusion  ; the  interruption,  for  example,  of  the  rays  of 
heat  becoming  less,  as  the  experiment  of  its  transmission 
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is  continued ; while  this  does  not  happen  with  regard  to 
light : and  the  effect  of  rough  surfaces  in  scattering  the 
rays  of  light  being  much  greater  than  it  is  on  the  rays  of 
heat. 

The  agency  of  light  in  producing  chemical  decomposi- 
tion still  remains  to  be  stated.  This  may,  in  a great  mea- 
sure, be  generalized ; all  the  changes  of  this  nature  pro- 
duced by  its  action  arising  from  the  separation  of  the  prin- 
ciple, oxygen,  from  states  of  combination.  And  as  this 
element  enters  into  the  constitution  of  an  extensive  series 
of  compounds,  a number  of  substances  are  changed  by 
light  exerting  its  de-oxidating  power.  Thus,  several  of 
the  acids  are  decomposed.  If  nitric  acid,  which  is  colour- 
less, be  exposed  to  the  rays  of  the  sun,  it  becomes  of  a 
yellow  colour,  and  oxygen  is  disengaged  from  it.  Oxy- 
muriatic  acid,  under  a similar  exposure,  likewise  yields 
oxygen,  either  the  oxygen  peculiar  to  it,  or  derived  from 
the  water.  A number  of  compounds  of  metals  with  oxy- 
gen , either  alone,  or  in  combination  with  acids  forming 
metallic  salts,  undergo  a similar  decomposition : in  some 
of  them  this  is  partial ; in  others  of  them,  as  in  the  salts  of 
gold  or  silver,  it  is  complete,  so  that  the  metal  returns  to 
its  metallic  form.  Some  of  these  compounds  are  extreme- 
ly sensible  to  the  chemical  agency  of  light : muriate  of  sil- 
ver, for  example,  is  darkened  in  its  colour  by  the  mere 
light  of  day,  without  direct  exposure  to  the  rays  of  the 
sun.  The  changes  of  metallic  pigments  from  exposure, 
appear  in  general  to  arise  from  this  action  of  light. 

The  process  of  bleaching,  too,  appears  to  depend  chief- 
ly on  the  chemical  power  of  light,  the  colouring  matter  of 
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the  vegetable  fibre  apparently  receiving  oxygen  from  the 
decomposition  by  light  of  the  water  with  which  it  is  moist- 
ened ; and  the  new  method  of  bleaching  which  has  been 
substituted,  owes  its  superiority  principally  to  oxygen  being 
afforded  to  the  colouring  matter  in  a more  condensed 
state. 

The  changes  which  growing  vegetables  suffer  under  ex- 
posure to  the  solar  fight,  display  its  power  in  modifying, 
even  by  its  chemical  agency,  the  processes  of  animated  na- 
ture. If  fight  is  excluded,  or  very  partially  supplied,  they 
are  in  general  feeble,  of  a pale  colour,  and  do  not  afford 
their  proper  products  fully  formed  : if  it  is  freely  ad- 
mitted, they  soon  acquire  a green  colour  and  their  natural 
vigour  : the  plants  which  grow  under  a clear  sky  and  an 
intense  solar  fight,  are  even  in  general  more  aromatic,  and 
afford  more  rich  and  elaborated  juices  than  those  which 
grow  under  the  opposite  circumstances.  With  these  re- 
sults we  can  connect  the  usual  chemical  change  from  the 
action  of  fight,  oxygen  being  exhaled  from  plants  while 
under  exposure  to  the  rays  of  the  sun.  Even  on  animals 
light  perhaps  exerts  its  chemical  power  : those  who  are  na- 
tives of  the  arctic  regions,  being,  like  vegetables  secluded 
from  fight,  usually  of  a pale  or  white  colour,  while  those 
who  inhabit  tropical  countries  are  marked  by  deep  or  bril- 
liant hues. 

It  might  be  supposed  that  these  chemical  effects  depend 
not  on  any  peculiar  action  of  fight,  but  arise  from  its  power  of 
exciting  heat ; some  of  them^t  least,  being  produced  by  an 
elevation  of  temperature.  An  experiment  of  Seheele’s  ap- 
pears to  set  aside  this  supposition  ; nitric  acid,  exposed  to 
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the  sun’s  rays  in  a phial  painted  black,  not  undergoing  the 
usual  change  it  does  from  their  action,  though  its  tempe- 
rature must  have  been  more  elevated  than  if  it  had  been 
exposed  in  a clear  phial.  Berthollet  also  found,  that  the 
oxymuriatic  acid,  exposed  to  the  light  in  a phial  covered 
with  black  paper,  did  not  suffer  its  usual  change,  though  it 
must  have  been  at  least  equally  heated.  But  these  expe- 
riments are  not  perfectly  conclusive  ; for  we  cannot  esti- 
mate correctly  the  heat  produced  by  the  solar  rays  from 
the  elevation  of  temperature  in  the  entire  mass  of  matter 
exposed  to  them,  as  this  may  be  moderate,  while  it  may 
be  intense  in  the  minute  points  on  which  the  rays  im- 
pinge, and  at  these  points  it  may,  from  its  intensity,  give 
rise  to  the  decompositions  which  are  produced.  The  hy- 
pothesis, however,  that  light  acts  in  producing  these  de- 
compositions by  the  heat  it  excites,  is  refuted  by  the  fact 
to  be  immediately  stated,  that  those  rays  most  powerful  in 
exciting  heat,  are  least  powerful  in  giving  rise  to  chemical 

changes. 

The  comparative  powers  of  the  different  coloured  rays 
in  producing  chemical  decomposition,  were  submitted  to 
experiment  by  the  illustrious  Sclieele,  muriate  of  silver,  the 
substance  which  is  so  rapidly  affected  by  light,  being  ex- 
posed to  their  action  ; it  became  sooner  black,  he  obser- 
ved, in  the  violet  ray  than  in  any  of  the  others.  Scnne- 
bier  ascertained  the  differences  more  minutely.  The  shade 
produced  in  the  muriate  of  silver  by  exposure  to  the  via-, 
let  ray  for  15  seconds,  required  for  its  production,  ex- 
posure to  the  indigo  ray  23  seconds;  to  the  blue  29; 
the  green  37  ; the  yellow  5$  minutes  ; the  orange  12  mi- 
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nutos  ; and  the  red  not  less  than  20  minutes.  The  blue 

ra}  LUP  superior  to  the  others  in  exciting  phosphores- 
cence. 

The  discovery  of  the  existence  of  invisible  calorific  rays 
in  the  solar  beam  might  suggest  the  conclusion,  that 
there  may  also  exist  in  it  invisible  chemical  rays,  to  which 
the  chemical  powers  of  these  visible  rays  is  to  be  ascrib- 
ed. Ritter  submitted  this  conjecture  to  experiment.  Pla- 
cing muriate  of  silver  without  the  coloured  spectrum  be- 
yond the  violet  ray,  it  was  blackened ; while,  on  placing 
it  beyond  the  red  ray  at  the  other  extremity,  it  not  only  did 
not  suffer  this  change,  but  if  previously  blackened  became 
white.  Phosphorus  was  kindled  in  the  space  beyond  the 
red  ray,  but  was  extinguished  when  transferred  to  that 
beyond  the  violet.  In  the  violet  ray  itself  the  muriate  of 
silver  received  a less  deep  shade  than  in  the  space  beyond 
it.  Dr  Wollaston  had  nearly  about  the  same  time  made 
similar  experiments,  and  with  the  same  results,  except  that  ' 
when  the  muriate  of  silver  had  been  blackened,  however 

slightly,  it  did  not  recover  its  whiteness  from  exposure  to 
the  red  rays. 

From  these  experiments,  then,  the  existence  in  the  so- 

bcara  of  invisibfe  not  calorific,  but  distinguished 
by  lliar  chemical  action,  and  more  refrangible  than  the 
visible  rays  of  light,  is  demonstrated.  Reasoning  by  ana- 
logy,  from  the  low  which  has  been  proved  to  exist  with  re- 
gard to  the  calorific  rays,  it  might  be  concluded,  that  the 
matter  composing  what,  for  distinction,  may  he  named 
I IC  Chemical  Rays,  is  not  homogeneous,  but  consists  of 
■ ays  of  different  refrangibilities ; that  from  this  difference 
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they  are  spread  to  a certain  extefit  over  the  space  occu- 
pied by  the  prismatic  spectrum,  and  that,  as  the  caloiific 
effect  of  tire  visible  rays  does  not  belong  to  them,  but  to 
rays  of  caloric  intermixed  with  them,  so  the  chemical 
powers  of  these  rays  may  not  arise,  strictly  speaking,  from 
the  action  of  light,  but  from  the  action  of  chemical  rays 
blended  with  the  others.  It  has  accordingly  been  affirm- 
ed, that  Ritter,  by  transmitting  the  coloured  rays  through 
different  prisms,  has  separated  them  from  the  chemical 
rays,  and  thus  produced  a coloured  spectrum  without  any 
chemical  power.  Another  interesting  experiment  per- 
formed by  him,  is  that  of  combining  the  two  species  ol  in- 
visible rays.  The  power  of  the  chemical  rays  appeared  to 
predominate  in  the  mixture,  and  the  experiment  is  an  im- 
portant one,  as  proving,  that  from  the  union  of  these  invi- 
sible rays  no  species  of  visible  light  is  produced. 

From  the  relation  which  subsists  between  light  and  ca- 
loric, it  has  sometimes  been  supposed  that  they  are  ulti- 
mately the  same,  or  are  modifications  of  one  matter,  light 
being  this  matter  in  a state  of  rapid  projectile  motion,  and 
acting  as  caloric  when  it  becomes  quiescent.  Though  it 
may  be  difficult  to  explain  frilly  the  nature  of  that  rela- 
tion, there  seems  to  be  little  reason  for  admitting  this  hy- 
pothesis. The  essential  properties  of  light,  and  particu- 
larly its  chemical  agencies,  are  very  different  from  those  of 
caloric,— differences  which  the  hypothesis  does  not  explain ; 
more  especially  taking  into  consideration  the  important 
fact,  that  these  chemical  agencies  arc  exerted  most  powci 
frilly  by  those  rays  of  light  which  are  least  powerful  m F0' 
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ducing  heat.  And,  on  the  other  hand,  there  is  no  proof 
ot  the  assumption,  that  caloric,  in  any  state  of  motion,  can 
assume  the  properties  of  light. 


CHAP.  III. 

OF  ELECTRICITY  AND  GALVANISM. 

Tile  agent  on  which  the  phenomena  of  electricity  de- 
pend, operates  as  a chemical  power.  There  is  every  rea- 
son too  to  conclude,  that  the  galvanic  principle  is  merely 
electricity  under  a peculiar  form,  and  in  this  form  its  che- 
mical action  is  still  more  powerful,  and  indeed  nearly  un- 
limited. The  operation  of  this  principle  cannot  be  ascri- 
bed to  affinities  which  it  exerts,  considering  it  as  a mate- 
rial agent ; but  rather  to  its  action  as  a general  force  com- 
municating repulsion  or  modifying  attraction.  It  is  there- 
fore properly  classed  with  light  and  caloric,  and  with  these 
it  has,  besides,  very  intimate  relations,  being  capable,  under 
peculiar  arrangements,  of  producing  the  utmost  intensity, 
both  of  heat  and  illumination. 

Though  electricity  and  galvanism  are  modifications  of 
the  same  power,  yet,  as  their  mode  of  excitation  is  differ- 
ent, and  the  chemical  effects  obtained  from  each  are  pe  - 
culiar, they  require  to  be  considered  apart. 
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Sect.  I. — Of  Electricity. 

Certain  bodies  submitted  to  friction  exhibit  the  phe- 
nomena denominated  Electrical.  A dry  glass  rod,  for 
example,  rubbed  with  a piece  of  silk,  will  give  sparks  ot 
light  from  its  surface,  and  will  attract  light  bodies  and 
again  repel  them.  These  ejects,  however,  are  not  obtain- 
ed from  the  friction  of  every  substance ; a metallic  rod, 
for  example,  does  not  exhibit  them.  Hence  the  distinc- 
tion of  bodies  into  electric,  or  those  capable  of  being  ex- 
cited by  friction,  and  non-electric,  or  those  which  are  in- 
capable of  this  electrical  excitation. 

If,  when  an  electric  has  been  excited,  a non-electric  be 
applied  to  it,  the  signs  of  electricity  in  the  former  instant- 
ly cease,  while  this  does  not  happen  from  the  application 
of  a non-electric  of  a different  kind.  Hence  the  origin  of 
another  distinction,  that  of  Conductors,  and  Non-conduc- 
tors of  Electricity  •,  the  former  affording  a passage  to  the 
electrical  principle,  and  carrying  it  off  where  it  has  been  ac- 
cumulated, the  latter  being  impervious  to  it.  Electrics  are 
non-conductors  ; non-electrics  are  conductors  ; glass  resi- 
nous substances,  oils,  and  sulphur,  arc  the  principal  sub- 
stances belonging  to  the  first  class  •,  metals,  water,  and  a 
number  of  earthy  bodies  belong  to  the  other. 

If  an  electric,  while  excited,  be  supported  on  a non- 
conductor, the  electricity  it  gives  out  is  limited.  But  if  a 
communication  be  established  with  the  earth  by  the  me 
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tlium  of  a conductor,  this  conveys  electricity  as  long  as  the 
exciting  cause  is  applied.  If  a conductor  insulated,  that 
is  placed  on  a non-conductor,  be  brought  nearly  in  con- 
tact with  the  excited  electric,  it  receives  the  electricity  evol- 
ved, and  retains  it  in  an  accumulated  state.  On  these 
principles  the  electrical  apparatus  is  constructed;  this  con- 
sisting of  a glass  plate  or  cylinder  which  revolves  against 
a cushion  supported  on  a glass  pillar,  but  connected  with 
the  earth  by  a metallic  chain  ; and  a large  metallic  tube, 
named  the  Prime  Conductor,  being  placed  insulated  be- 
fore the  plate  or  cylinder,  to  receive  from  it  the  electricity 
evolved  by  the  friction. 

With  regard  to  the  excitation  of  electricity,  a very  im- 
portant distinction  still  remains  to  be  stated,  that  of  what 
has  been  named  Positive  and  Negative  Electricity.  If  a 
glass  rod  be  rubbed  with  an  woollen  cloth,  on  approach- 
ing to  it  a light  body,  as  a bit  of  cork,  the  cork  is  first  at- 
tracted, and  then  repelled ; but  if  a rod  of  sulphur  be 
excited  by  friction  with  the  cloth,  the  cork  in  the  state 
in  which  it  is  repelled  by  the  glass  is  attracted  by  the  sul- 
phur, and  it  is  repelled  by  the  sulphur  when  in  that  state 
in  which  it  is  attracted  by  the  glass.  If  a pointed  conduc- 
tor, as  a needle,  be  presented  to  the  glass,  a round  lucid 
point  appears  on  its  extremity  in  the  dark ; but  if  present- 
ed to  the  sulphur,  a pencil  of  rays  seem  to  issue  from  the 
needle.  And  if  two  bodies  in  these  different  electrical 
states  oe  brought  into  contact,  the  electricity  in  the  one  ap- 
pears to  destroy  that  in  the  other,  and  the  electrical  phe- 
nomena cease.  These  two  electricities  being  first  obtain- 
ed, the  one  from  glass,  the  other  from  resinous  bodies,  by 
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friction,  were  named  the  Vitreous  and  the  Resinous,  and 
were  regarded  as  essentially  different. 

It  was  discovered,  however,  that  when  two  electrics  are 
rubbed  against  each  other,  the  one  acquires  always  the 
one  electricity,  the  other  the  other.  Thus,  in  the  com- 
mon electrical  machine,  when  the  cushion  is  insulated,  on 
friction  being  made  it  exhibits  the  resinous,  while  the 
glass  gives  the  vitreous  electricity.  And,  by  employing 
different  substances  to  excite  friction,  or  by  altering  the 
surface,  the  same  electric  may  be  made  to  exhibit,  either 
electricity,  glass  the  resinous,  and  sulphur  or  sealing-wax 
the  vitreous.  Franklin,  from  these  facts,  was  led  to  ex- 
plain the  phenomena  on  a more  simple  hypothesis, — that 
there  exists  only  one  agent  by  which  they  are  produced , 
a fluid  highly  elastic,  or  repulsive  of  its  own  particles,  but 
attracting  and  attracted  by  the  particles  of  other  matter  ; 
— that  in  all  bodies  a portion  of  this  principle  is  present, 
and  when  present,  in  the  proportion  natural  to  each,  they 
exhibit  no  electrical  phenomena ; but,  if  subjected  to  cer- 
tain operations,  as  friction,  the  equilibrium  is  disturbed, 
and  the  body  acquires  more,  or  has  less,  than  its  natural 
proportion.  In  the  former  case  it  is  said  to  be  electrified 
plus , and  presents  the  phenomena  ascribed  to  what  was 
called  vitreous  electricity:  in  the  latter  it  is  said  to  be 
electrified  minus,  which  corresponds  with  the  state  of  resi- 
nous electricity  ; and  hence,  instead  of  these  terms,  the 
phrases  Positive  and  Negative  electricity  arc  employed  in 
the  Franklinian  theory.  This  hypothesis  accorded  with 
the  phenomena  of  electricity,  and  in  particular  gave  a 
happy  explanation  of  the^ discharge  of  the  Leyden  phial- 
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Hence  electricians  have  in  general  been  disposed  to  prefer 
it,  though  it  has  never  been  established  by  any  rigorous 
evidence,  nor  has  the  opposite  hypothesis  been  disproved, 
or  shewn  to  be  inconsistent  with  facts.  The  principal  ad- 
vantage which  the  system  of  Franklin  can  claim,  is  its  su- 
perior simplicity.  On  the  other  hand,  the  phenomena  of 
galvanism  prove  that  the  two  electricities,  whatever  may 
be  their  nature,  exert  different  chemical  agencies;  and 
hence,  whatever  theory  be  adopted,  it  has  become  more 
necessary,  in  their  chemical  history,  to  distinguish  between 
them. 

Electricity  is  connected  both  with  light  and  caloric. 
In  its  passage  through  certain  media,  it  is  often  highly  lu- 
minous, and  it  is  capable  of  exciting  intense  heat. 

Under  the  form  of  what  is  named  the  Electrical  Spark, 
it  produces  an  elevation  of  temperature  sufficient  to  kindle 
inflammable  bodies,  as  spirit  of  wine.  And  when  dis- 
charged in  a state  of  higher  intensity  from  a coated  jar, 
or  from  an  entire  battery,  a much  more  intense  heat  is 
excited,  so  as  to  melt  the  most  refractory  substances.  Its 
powrer  of  increasing  temperature  appears  in  part  to  de- 
pend on  the  resistance  opposed  to  its  conveyance  through 
bodies.  Hence,  if  it  is  not  rapidly  accumulated,  no  sen- 
sible heat  is  produced  ; as,  for  example,  when  the  bulb  of 
a thermometer  is  placed  in  an  insulated  metallic  plate,  and 
electricity  is  communicated.  But,  if  the  bulb  be  placed 
in  a less  perfect  conducting  medium,  the  temperature  is 
raised.  Or,  if  a discharge  of  given  intensity  from  an 
electrical  battery  be  transmitted  through  a metallic  wire 
«f  considerable  thickness,  it  will  not  produce  much  heat, 
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while,  if  transmitted  through  a wire  of  the  same  metal  of 
less  diameter,  an  intense  heat  is  excited. 

The  fusibilities  of  different  bodies,  of  the  different  me- 
tals for  example,  estimated  from  the  action  of  electricity 
on  them,  are  different  from  their  fusibilities,  estimated  from 
the  direct  communication  of  caloric,  no  doubt  from  the 
heat  excited  by  electricity,  being  dependent  not  merely 
bn  the  quantity  communicated,  but  on  this  modified  by 
their  relative  conducting  powers,  and  perhaps  on  their 
elasticities,  in  consequence  of  which  vibrations  are  more 
or  less  easily  established  among  their  particles. 

Electricity,  from  its  power  of  exciting  heat,  is  applied 
to  favour  chemical  combination  : it  affords  the  most  con- 
venient mode  of  promoting  by  heat  the  combination  of 
elastic  fluids.  The  apparatus  employed  is  a strong  glass 
tube,  PI.  III.  Fig.  22.  closed  at  one  end,  the  sides  of 
which,  at  about  the  distance  of  two  inches  from  this  ex- 
tremity, are  perforated  with  small  holes,  in  which  are  fixed 
by  cement  two  metallic  wires,  the  extremities  of  which 
within  the  tube  are  distant  one-fourth  of  an  inch.  This 
instrument  being  filled  with  water  or  quicksilver,  and  in- 
verted, the  gases  intended  to  be  combined,  mixed  in  the 
due  proportion,  are  introduced,  so  as  to  depress  the  fluid 
an  inch  or  more  beneath  the  wires.  The  electric  spark  is 
made  to  pass  from  the  one  wire  to  the  other,  by  connect- 
ing one  of  them  with  the  conductor  of  the  common  elec- 
trical  machine,  and  hanging  a chain  on  the  other.  Or  it 
may  be  made  to  pass  from  a wire  inserted  in  the  top  of 
the  tube,  to  the  fluid  confining  the  air  beneath,  as  repre- 
sented Fig.  23.  In  the  mixture  of  some  gases,  a single 
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spark  is  sufficient  to  cause  the  combination  to  proceed 
through  the  whole  mixture,  the  temperature  being  raised 
bv  it  sufficiently.  In  other  cases,  a stream  ol  sparks  re- 
quires to  be  transmitted  to  produce  the  combination  to 
any  perceptible  extent. 

By  the  same  agency,  electricity  is  able  to  effect  ehemi- 
cal  decomposition.  If  the  spark  is  taken  in  a compound 
gas,  it  separates  its  constituent  parts  j if  an  interrupted 
electrical  discharge  be  sent  through  water,  it  is  attended 
with  the  disengagement  of  a small  quantity  of  elastic  fluid, 
which  is  a mixture  of  the  two  gases  which  form  water. 
Some  solids  are  decomposed  in  a similar  manner. 

The  electric  fluid  is  intimately  connected  with  light,  and 
to  this  some  of  its  chemical  effects  may  probably  be  attri- 
buted. When  it  passes  through  the  air  from  one  conduc- 
tor to  another,  it  exhibits  a luminous  spark  ; when  dis- 
charged through  a vacuum  the  most  perfect  the  air-pump 
can  produce,  it  presents  vivid  corruscations  : these  appear 
even,  though  more  faintly,  in  the  Torricellian  vacuum. 
In  transmission  through  any  fluid,  if  the  quantity  be  not 
large  proportioned  to  the  discharge,  it  is  rendered  lumi- 
nous ; or  if  discharged  over  the  surface  of  a solid,  a bril- 
liant illumination  is  produced.  This  electrical  light  is  he- 
terogeneous, or  consists  of  the  different  refrangible  rays. 
Priestiey  observed  these  by  a prism  ; and  Morgan  has  re- 
marked that  the  electric  light  may  be  made  to  assume 
different  colours  according  to  the  medium  in  which  it  is 
taken  ; sometimes  the  more  refrangible  rays  being  sepa- 
rated, sometimes  the  less. 
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The  chemical  agencies  of  electricity  are  as  yet  but  im- 
perfectly developed,  and  there  are  a number  of  facts 
which  prove  it  to  be  absorbed  or  evolved  in  chemical 
changes  where  its  influence  has  scarcely  been  traced. 
The  electrical  phenomena  exhibited  by  the  tourmalin  shew 
that  electricity  is  excited,  and  its  different  states  produced, 
in  some  cases  merely  by  variations  of  temperature.  Even 
its  excitation  in  the  electrical  machine  is  promoted  by  che- 
mical action,  as  on  this  appears,  in  a considerable  mea- 
sure, to  depend  the  effect  of  the  amalgam  applied  to  the 
rubber,  the  power  of  which  is  greater  when  it  is  composed 
of  oxidable  metals  than  of  those  not  so  susceptible  of  oxi- 
dation. The  experiments  of  Wilcke  and  iEpinus  shew 
that  in  fusion  and  congelation  the  different  electricities 
are  excited,  and  the  states  of  plus  and  minus  produced  in 
the  body  which  has  suffered  the  change  of  form,  and  the 
matter  with  which  it  has  been  in  contact  during  the 
change  : this  happens  too  in  the  formation  and  condensa- 
tion of  vapour,  and  Volta  traced  it  in  different  cases  of 
chemical  action.  The  observation  of  such  facts  becomes 
more  important  since  the  connection  of  electricity  with 
galvanic  phenomena  has  been  established,  and  that  con- 
nection itself  more  clearly  demonstrates  the  importance  of 
electricity  as  a chemical  power. 
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Sect.  IJ. — Of  Galvanism. 

Galvanism,  there  is  every  reason  to  believe,  is  the  saint 
principle  as  electricity.  Its  effects,  however,  its  mode  of 
production,  and  the  laws  which  it  observes  in  its  action, 
are  so  far  dissimilar,  that  it  is  proper  to  consider  it  under 
a separate  section.  Our  knowledge  of  this  agent  is  of 
recent  date.  Galvani,  an  Italian  physiologist,  observed 
the  first  striking  phenomenon  which  led  to  the  discovery 
of  the  principle  which  has  from  him  derived  its  name. 
He  observed  it  only  in  its  power  of  affecting  the  animal 
system,  and  it  is  to  Volta  that  we  are  principally  indebt- 
ed for  the  just  theory  of  its  production,  and  the  develop- 
ment of  its  chemical  powers.  It  had  been  discovered  by 
Galvani,  that  contractions  are  excited  in  the  irritable 
parts  of  animals,  when  a communication  is  established  by 
a metallic  arc  between  the  nerve  and  the  muscular  fibre ; 
and  he  concluded,  that  this  is  owing  to  the  communica- 
tion of  electricity  generated  by  the  animal  system.  Volta 
supposed,  that  the  electricity  producing  the  contraction, 
and  producing  likewise  sensations  in  sentient  organs,  is 
produced  hot  from  the  living  system,  but  by  the  action 
exerted  between  the  metal  and  the  humid  animal  fibre, — a 
conclusion  which  he  soon  demonstrated,  by  the  discovery 
that  it  is  evolved  by  arrangements  wholly  unconnected 
with  any  process  of  vitality.  This  discovery  also  gave  a 
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method  of  augmenting  the  galvanic  energy,  enabled  us  to 
investigate  its  effects  with  more  precision,  and  led  to  the 
discovery  of  its  chemical  agency. 

The  Voltaic  arrangement  consists  of  a series  of  metallic 
plates  arranged  in  a determinate  order,  with  the  interpo- 
sition of  certain  humid  conductors  of  electricity.  The 
pile,  which  Volta  principally  employed,  is  constructed  by 
commencing  with  a plate  of  silver  or  copper  : on  this  is 
placed  a plate  of  another  metal,  as  zinc,  and  on  this  a 
piece  of  card  moistened  with  a saline  solution  : this  series 
of  copper,  zinc,  and  moistened  card,  is  repeated,  preserving 
alwyas  the  same  order,  and  when  30  or  50  pieces  of  each 
have  been  accumulated,  terminating  with  a plate  of  zinc 
at  the  top,  as  represented  Fig.  27.  PI.  III.  Between  each 
pair  of  plates  a certain  quantity  of  electricity  is  gene- 
rated ; in  the  whole  arrangement,  we  have  the  accumu- 
lated action ; and  the  effects  are  proportionally'  great. 
The  extremities  of  the  series  are  in  different  electrical 
states,  that  commencing  with  the  copper  being  negative, 
that  with  the  zinc  positive.  Another  arrangement  similar 
in  principle,  employed  by  Volta,  is  that  which  he  named 
Couronnc  de  Tasses , represented  Fig.  26.,  consisting  of  a 
series  of  cups,  in  each  of  which  are  placed  a plate  of  zinc, 
and- a plate  of  silver  or  copper,  surrounded  whh  a solution 
of  salt ; the  plate  of  silver  in  the  one  cup  being  connected 
with  that  of  zinc  in  the  other,  and  the  same  order  being 
preserved  as  in  the  construction  of  the  pile. 

An  apparatus,  still  the  same  in  principle,  was  invented 
by  Mr  Cruickshank,  the  Galvanic  Trough  as  it  is  named, 
which,  being  possessed  of  every  advantage,  is  now  always 
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used.  It  consists,  Fig.  2S.  Plate  III.  of  a hollow  box  or 
trough,  of  hard  wood,  in  the  sides  of  which  are  cut 
grooves,  at  the  distance  from  each  other  of  from  £ to  of 
an  inch,  according  to  the  width  of  the  box.  Plates  of  two 
metals,  generally  of  copper  and  zinc,  from  3 to  6 or  8 
indies  square,  are  soldered  together,  and  this  soldered  or 
double  plate  is  inserted  in  the  first  groove  of  the  box,  and 
fixed  in  it  by  a cement  of  resin  and  wax,  so  well  applied 
that  no  liquid  can  pass  through.  This  is  repeated,  fixing 
a double  opiate  in  each  groove,  and  taking  care  that  the 
order  in  which  they  are  inserted  shall  not  be  reversed,  but 

that  the  copper  side  shall  always  be  towards  one  hand,  the 

1 

zinc  to  the  other.  The  cells  or  cavities  between  the 
grooves  are  designed  to  contain  the  fluid  by  which  the 
galvanism  is  excited,  or  serve  the  same  purpose  as  the 
moistened  cards  in  the  pile  of  V olta. 

The  metals  used  are  generally  zinc  and  copper,  and 
these,  on  the  whole,  answer  best.  The  number  of  plates 
and  their  surface  is  regulated  by  the  purpose  to  which 
the  trough  is  to  be  applied.  Different  liquids  are  em- 
ployed to  fill  the  cavities  of  the  trough,  and  differ  much  in 
power.  With  water  the  effect  is  inconsiderable ; with  a 
solution  of  muriate  of  soda,  or  muriate  of  ammonia,  it. 
is  greater ; it  is  still  more  so,  though  it  ceases  sooner, 
with  muriatic  or  nitric  acid,  largely  diluted,  and,  for  dif- 
ferent purposes,  liquids  of  peculiar  composition  and 
strength  are  best  adapted,  as  is  immediately  to  be  stated. 

An  improvement  has  been  made  in  constructing  the 
trough.  Instead  of  soldering  the  plates  together,  thpy  are 
kept  detached,  and  are  connected  only  at  the  upper  edge 
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by  a metallic  arc  *,  the  cells  of  the  trough  are  formed  by 
partitions  of  glass,  or  the  entire  trough  with  its  partitions  is 
made  of  earthen  ware.  The  plates  of  copper  and  zinc  are 
introduced,  so  that  the  one  shall  be  on  one  side  of  the  par- 
tition, the  other  on  the  other,  the  connecting  arc  passing 
over  it,  and  a plate  of  each  metal  being  thus  placed  in 
each  cell.  This  arrangement  has  the  advantage,  that  both 
surfaces  of  each  plate  being  acted* on,  a greater  power  is 
obtained,  while,  in  the  former  method  with  the  soldered 
plates,  one  side  of  each  was  lost. 

Though  arrangements,  such  as  have  now  been  de- 
scribed, arc  most  powerful,  there  are  others  productive  of 
galvanism  to  a certain  extent.  The  action  between  a. 
single  metal  and  a liquid  gives  signs  of  it,  extremely  feeble, 
and  displayed  therefore  only  in  the  most  delicate  test  of 
this  power, — the  contractions  it  produces  in  living  irri- 
table parts,  but  no  accumulating  series  of  this  kind  can  be 
formed.  If,  however,  the  metal  be  acted  on  at  its  oppo- 
site sides  by  two  different  fluids,  a galvanic  arrangement  is 
formed,  the  power  of  which  increases  by  repetition.  Even 
charcoal,  in  contact  with  one  of  its  surfaces  with  oner 
liquid,  and  at  another  with  a different  liquid,  forms  a 
weak  galvanic  power ; and  one,  still  weaker,  is  formed 
from  the  contact  of  different  kinds  of  animal  matter.  Me- 
tallic matter,  therefore,  is  not  essential  to  its  production. 

The  properties  of  galvanism  remain  to  be  stated.  It 
passes  through  those  substances  which  conduct  electricity, 
though  with  less  facility.  Metals  conduct  it  rapidly,  but 
there  are  other  substances  which  admit  of  the  passage  of 
electricity,  which  at  least  partially  insulute  galvanism ; such 
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fs  water,  or  dry  animal  membrane.  Glass  is  a perfect 
non-conductor. 


Its  effects  on  living  animal  matter  are  similar  to  those 
of  electricity.  It  excites  contractions  in  irritable  parts, 
and  sensations  in  sentient  organs,  more  or  less  consider- 
able, according  to  its  intensity. 

In  its  transition  from  one  conductor  to  another,  espe- 
cially when  the  conductor  is  an  imperfect  one,  it  produces 
intense  light,  as,  for  example,  in  bringing  into  contact  the 
wires  from  each  extremity  of  the  battery,  or  pieces  of 
charcoal  or  plumbago  in  communication  with  each  wire. 
This  light  appears  to  be  the  result  of  the  accumulation  of 
the  galvanism,  and  not  of  any  combustion,  fur  little  of  the 
charcoal  is  consumed,  and  it  can  be  made  to  appear 
under  water  and  other  liquids. 


Galvanism  is  the  source  of  intense  heat.  If  a very  fine 
metallic  wire  be  stretched  between  metallic  rods,  connect- 
ed with  each  extremity  of  the  galvanic  battery,  its  tem- 
perature is  raised,  and  if  the  distance  be  not  too 'great,  to 
such  an  extent  as  to  melt  even  the  most  refractory  of  the 
metals.  Fine  metallic  leaves,  suspended  from  the  one  rod, 
are  made  to  burn  when  touched  with  a metallic  plate  in 
communication  with  the  other.  From  this  arrangement, 
even  gold  and  silver  enter  into  vivid  combustion,  and  the 
least  fusible  of  the  earths  have  been  melted. 


The  most  important  chemical  property  of  this  power  is 
that  of  producing  decomposition.  Very  soon  after  the  in- 
vention of  the  Voltaic  battery,  it  was  observed  by  Messrs 
N,cholso„  and  Carslisle,  that  when  wire,,  connected  with 

the  two  extremities  of  the  battery,  are  placed  in  a portio, 
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of  water,  a stream  of  gas  arises  from  each  wire,  an  appear* 
ance  which  they  found  owing  to  the  decomposition  of  the 
water.  The  subject  was  immediately  prosecuted,  and  a 
number  of  chemical  compounds  were  found  to  be  decom- 
posed in  a similar  manner.  Still  more  lately,  Mr  Davy, 
led  by  the  knowledge  of  the  law  which  regulates  these  de- 
compositions, and  employing  galvanic  arrangements  of 
great  power,  has  succeeded  in  discovering  the  composition 
of  a number  of  substances,  the  nature  of  which  was  be- 
fore unknown  to  us, -discoveries  which  have  materially 
changed  the  aspect  of  the  science,  and  to  the  prosecution 
of  which  scarcely  any  limits  can  at  present  be  assigned, 
for  our  power  of  increasing  the  galvanic  force  appears  to 
be  nearly  unlimited,  and  with  this  its  energy',  in  counter, 

acting  chemical  attraction,  appears  progressively  to  in- 

\ 

crease. 

The  decompositions  produced  by  galvanism  consist  in 
the  separation  of  the  elements  of  a compound  from  their 
state  of  combination,  by  the  attraction  uniting  them  being 
suspended  by  the  galvanic  force.  But  it  was  not  very  ob- 
vious how  this  effect  is  produced,  and  a difficulty  likewise 
presented  itself  with  regard  to  them,  from  the  very  singu- 
lar fact,  that  the  elements  of  the  decomposed  compound  ! 
are  not  evolved  together,  but  the  one  appears  at  the 
wire  connected  with  the  one  extremity  of  the  galvainc 
battery,  and  the  other  at  the  wire  connected  with  the 
other  extremity.  To  account  for  this,  different  hypothe- 
ses were  proposed,  not  very  satisfactory;  at  length  Messrs* 
Hisinger  and  Berzelius,  from  a number  of  experiments, 
drew  the  general  conclusion,  that  by  attractive  forces. 
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exerted  at  the  galvanic  poles,  certain  elements  are  brought 
to  the  positive  side,  and  others  to  the  negative  side  of 
the  galvanic  series;  oxygen  and  acids  being  attracted  to 
the  former;  inflammables,  metals,  alkalis  and  earths  being 
attracted  to  the  latter.  Hence  the  decomposition  of  com- 
pounds, consisting  of  substances  belonging  to  these  oppo- 
site classes,  and  the  distinct  evolution  of  their  elements 
This  law  has  been  more  clearly  developed  by  Mr 
Davy’s  researches.  The  transfer  of  the  elements  of  the  de- 
composed compound  to  a distance,  and  through  inter- 
posed matter,  has  been  accurately  traced,  and  a number 
of  interesting  facts  with  regard  to  it  established.  The  ap- 
paratus he  employed  consisted  generally  of  two  vessels  of 
glass,  or,  as  less  liable  to  be  acted  on,  of  agate,  or  of  gold, 
connected  by  a few  fibres  of  the  mineral  substance  named 
asbestos,  moistened  with  water  (Fig.  24.  PI.  HI.)  The  so- 
lution of  a compound  substance,  of  a salt  for  example 
composed  of  an  acid  and  an  alkali,  was  put  into  each  vessel 
thus  connected,  and  they  were  subjected  to  the  action  of 
the  galvanic  apparatus,  a wire  from  the  positive  side  beiim 
inserted  in  the  one,  A,  and  a wire  from  the  negative  side 
m the  other,  B.  In  a short  time,  when  a sufficient  power 
“ employed,  the  principles  of  the  salt  are  separated,  the 
18  c'ollected  ln  tl)e  one  vessel,  and  the  alkali  in  the 

° ,er‘  the  S°lutIon  of  a salt  were  placed  in  one  vessel, 
and  distilled  water  in  the  other,  either  the  acid,  or  the 

ase  o 1 the  salt,  might  be  transferred  through  the  commu- 
nicating substance  to  the  distilled  water,  according  as  the 
- ution  was  connected  with  the  positive  or  the  negative 

'lde  °*  the  gaIvanic  twu*h  '■  if  with  the  positive  side,  rim 
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acid  remained,  and  the  base  was  conveyed  to  the  water  * 
if  with  the  negative  side,  the  reverse  was  the  result.  I» 
this  way,  even  metals  could  be  transferred,  as  silver  from 
nitrate  of  silver,  or  insoluble  earths,  as  magnesia,  from- 
sulphate  of  magnesia. 

When  the  vessels  themselves  were  composed  of  substan- 
ces susceptible  of  decomposition,  such  as  earthy  com- 
pounds, sulphate  of  lime  and  others,  the  same  separation 
of  elements  was  effected,  though,  from  the  state  of  cohe- 
sion, more  slowly.  Even  glass  was  found  liable-  to  this  de- 
‘ composition.  And  such  is  the  force  of  this  agent,  that  the 
most  minute  portion  of  a substance  attracted  by  either  of 
the  wires  is  collected  around  it,— a circumstance  which 
has  frequently  been  the  source  of  deception  in  galvanic 
experiments,  with  regard  to  the  apparent  formation  of  new 

products. 

So  completely  is  the  matter  conveyed  by  the  galvanic  in- 
fluence protected  by  it,  that  it  may  be  transmitted  through 
a substance  to  which  it  has  a chemical  affinity,  without  being 
retained  ; as,  for  example,  if  a third  vessel  be  interposed  be- 
tween the  two,  and  connected  with  them  in  a similar  manner 
by  moistened  asbestos-,  if  an  acid  liquor  be  placed  in  it,  an 
alkali  may  be  conveyed  through  this  without  interruption, 
and  be  collected  round  the  negative  wire ; or  vice  versa,  if 
an  alkaline  solution  be  put  into  the  intermediate  vessel,  an 
acid  may  be  conveyed  through  it,  and  collected  at  the 
positive  wire.  If  a strong  force  of  cohesion,  however,  in- 
terfere, the  substance  is  intercepted  : thus,  sulphuric  a ! 
is  not  transmitted  through  solutions  of  baijtes  01 
tites,  nor  these  earths  through  sulphuric  acid.  . \ lie  chc- 
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fflrncal  affinities  of  the  conveyed  substance  are  suspended  by 
"the  galvanic  influence  ; an  acid,  for  example,  not  redden- 
ing a vegetable  colour  in  its  progress,  but  only  where  it  is 
collected  around  the  positive  wire ; and  an  alkali,  in  like 
manner,  exerting  its  chemical  action  only  at  the  negative 
side. 

These  decompositions  appear  to  be  always  complete,  or 
the  law  of  chemical  affinity  so  often  observed,  that  an  in- 
gredient of  a compound,  when  separated  from  a combina- 
tion, retains  a portion  of  the  ingredient  with  which  it  had 
been  combined,  is  counteracted  ; the  transferred  substance, 
Mr  Davy  found,  being  perfectly  pure. 

By  these  researches,  then,  the  general  law  is  establish- 
ed, that  certain  substances,  oxygen  and  acids,  are  attract- 
ed by  positively  electrified  metallic  surfaces,  and  repelled 
by  similar  surfaces  negatively  electrified ; while  inflamma- 
ble bodies,  metals,  metallic  oxides,  alkalis  and  earths,  are 
attracted  by  negatively  electrified  metallic  surfaces,  and  re- 
pelled by  those  which  are  in  a positive  state.  Hence  the  phe- 
nomena of  the  decomposition  of  bodies  by  galvanism,  one  of 
the  elements  of  a compound  bring  forcibly  attracted  to  the 
one  galvanic  pole,  the  other  to  the  other,  while  each  is  at 
the  same  time  repelled  from  that  side  to  which  the  other 
is  attracted.  And  these  attractions  and  repulsions  are 
exerted  at  considerable  distances,  producing  therefore  the 
transfer  ol  the  bodies  acted  on  through  any  medium  in 
which  they  are  capable  of  being  diffused. ' Mr  Davy  has 
supposed,  that  the  positive  electrical  state  may  be  commu- 
nicated at  the  one  pole  to  the  one  element,  and  the  nega- 
nve  electrical  state  to  the  other  at  the  opposite  pole:  this 
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State  may  be  coinmunicated  to  the  particles  of  each 
through  the  whole  column  interposed  between  the  two 
poles,  and,  in  conformity  to  the  law,  that  bodies  similarly 
electrified  repel  each  other,  while  those  in  opposite  electri- 
cal states  attract,  the  particles  of  the  body  in  the  one  state 
will  be  attracted  to  one  pole,  and  repelled  from  the  other ; 
a chain  or  series  of  particles  will  thus  be  established, 
moving  in  this  direction,  while,  for  the  same  reason,  the 
particles  of  the  other  element  will  move  in  the  opposite 
direction,  and  the  motion  of  each  will  continue  until  the 
whole  is  collected  around  that  pole  to  which  it  is  attract- 
ed. Or,  perhaps,  what  is  equally  probable,  the  particles 
receiving  the  charge  at  each  pole,  instead  of  communi- 
cating part  of  the  charge  to  its  contiguous  particles,  may 
be  at  once  repelled  from  that  side,  and  attracted  to  the 
other.  In  atmospheric  air,  we  know  that  bodies,  render- 
ed positively  or  negatively  electrical,  are  attracted  and  re- 
pelled at  considerable  distances.  From  the  low  state  of 
intensity  in  which  electricity  exists  in  galvanic  arrange- 
ments, water  is  a medium  with  regard  to  it  very  nearly  as 
atmospheric  air  is  to  electricity  evolved  in  the  common 
electrical  apparatus,  and  it  may  therefore  allow  electric 
attractions  anti  repulsions  to  operate  in  a similar  manner. 

Mr  Davy  has  suggested  the  hypothesis,  that  even  che- 
mical affinity  itself  may  be  a modification  of  electrical 
energy.  Bodies  in  the  same  electrical  states  repel  each 
other  but  when  in  opposite  electrical  states,  they  mutually 
attract.  It  is  conceivable,  that  some  kinds  of  matter  may 
be  naturally  positively  electrical,  others  negatively  electri- 
cal ; and  if  such  bodies  are  presented  to  each  other,  their 
particles  will  be  disposed  to  unite,  and  these  different  elec- 
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trical  energies  being  present  perhaps  in  different  degrees, 
may  give  rise  to  different  forces  of  attraction.  The  phe- 
nomena of  galvanism  undoubtedly  establish  the  important 
influence  of  electrical  energy  on  chemical  affinity. 

In  the  production  of  the  different  effects  arising  from 
the  operation  of  galvanism,  a different  law  is  observed 
with  regard  to  each,  in  relation  to  the  structure  of  the 
galvanic  apparatus.  By  increasing  the  number  of  plates 
in  a battery,  its  power  is  enlarged,  and,  by  having  these 
plates  of  a large  size,  it  is  likewise  obvious  that  the  quan- 
tity of  power  generated  must  be  greater.  But  the  fact, 
rather  singular,  has  been  established,  that  an  increase  in 
the  number  of  plates,  without  a proportional  increase  in 
their  extent  of  surface,  does  not  equally  augment  all  the 
effects  from  galvanism,  a different  law  being  followed 
in  the  power  of  elevating  temperature,  of  exciting  sensa- 
tions in  the  organs  of  animals,  and  of  producing  chemical 
decomposition. 

I * 

This  is  apparent  from  a very  simple  fact.  If  a few 
large  metallic  plates,  of  a large  surface,  as  12  or  15  square 
inches,  be  employed  as  a galvanic  battery,  it  will  be 
powerful  in  producing  light  and  heat,  and  will  therefore 
illuminate  charcoal  vividly,  or  cause  metallic  leaves,  placed 
in  the  circuit,  to  burn  with  great  brilliancy.  But  it  will 
display  little  power  of  electrical  attraction  and  repulsion, 
and  act  feebly  on  imperfect  conductors  in  producing  de- 
composition. II  the  same  plates  be  cut  down,  each  being 
divided  into  four,  and  a battery  be  constructed  with  these, 
though  there  is,  on  the  whole,  the  same  quantity  of  sur- 
face, yet  the  l elation  of  this  to  repetition  or  number  being 
changed,  the  effects  arc  different ; it  has  little  power  in  burn- 
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ing  the  metallic  leaves  ; while  it  exhibits  more  evidently  the1 
different  electrical  states,  it  excites  more  forcibly  sensa- 


tions or  contractions  in  animal  organs,  and  is  much  more 
powerful  in  giving  rise  to  chemical  decomposition. 

This  has  been  in  particular  investigated  by  Ritter,  and 
he,  from  a very  extensive  series  of  experiments,  has  en- 
deavoured to  establish  the  relation  between  number  and 
surface  in  tlie  metallic  plates  in  a galvanic  battery,  adapt- 
ed to  the  production  of  each  of  the  effects  obtained  Irom 
galvanism.  That  of  exciting  sensations  and  contractions 
in  animals,  he  found  to  be  principally  dependent  on  num- 
ber ; that  of  producing  combustion  is  principally  depen- 
dent on  extent  of  surface ; that  of  producing  chemical  de- 
composition is,  in  its  relation  to  surface  and  number,  inter- 
mediate between  these.  But  with  regard  to  all  of  them, 
a certain  relation  exists,  or  a certain  proportion  between 
number  and  surface  gives  the  maximum,  and,  increasing 
either  indefinitely,  according  to  Ritter,  diminishes  the 
power.  If  the  due  proportion  be  observed,  the  galvanic 
energy  displayed  in  all  these  effects  may  probably  be  in- 
definitely increased. 

The  theory  of  these  differences  probably  is,  that  a pe- 
culiar state  of  intensity  of  galvanism  is  required  for  the 
production  of  each  of  these  effects.  The  quantity  of  elec- 
tricity generated  in  the  apparatus  will  be  proportional  to 
the  surface  acted  on,  but  its  state  of  intensity  is  produced 
by  its  accumulation,  and  will  therefore  be  regulated  by  the 
quantity  of  imperfect  conducting  compared  with  perfect 
conducting  matter  in  the  arrangement.  The  liquid  in- 
terposed between  the  metallic  plates  is  the  least  per- 
fect conducting  matter  : the  repetition,  therefore,  of  the 
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metallic  plates,  the  absolute  surface  remaining  the  same, 
forms  an  arrangement  in  which  the-  imperfect  con- 
ducting matter  is  most  abundant',  in  which  there  is 
the  greatest  resistance  to  the  evolution  of  the  electric 
force,  and  in  which  therefore  this  will  acquire  the 
highest  state  of  intensity.  Now,  a considerable  intensity 
is  requisite  to  enable  the  electricity  to  penetrate  the  ani- 
mal membrane,  which  it  must  do  to  excite  sensations  or 
contractions,  this  membrane  being  an  imperfect  conduc- 
tor : at  a lower  intensity,  it  will  penetrate  liquids,  and  act 
in  decomposing  them  ; and  metals  are  conductors  so  per- 
fect, that  in  the  lowest  state  of  intensity  it  will  penetrate, 
them,  and  produce  effects  proportional  to  its  quantity. 
Hence  the  cause  of  the  peculiar  relations  of  number  and 
surface  to  these  different  effects  which  have  been  proved 
to  exist ; the  extent  of  surface  giving  quantity,  and  the  re- 
petition of  surface  in  the  series  or  number  increasing  the 
intensity. 

In  conformity  to  the  difference  of  power  thus  required 
to  produce  these  different  effects,  it  has  been  found  that 
different  liquids  are  adapted  to  each.  To  excite  that  ef- 
fect by  which  intense  heat  and  light  are  excited,  measured 
by  the  length  of  metallic  wire  which  is  melted,  nitric  acid, 
diluted  with  from  20  to  30  parts  of  water,  is  most  power- 
ful ; sulphuric  acid  diluted  is  inferior  in  power,  and  the 
action  of  both  in  producing  excitation  is  soon  exhausted. 
For  producing  chemical  decomposition,  muriatic  acid  is 
better  adapted,  and  it  has  the  farther  advantage  of  its 
power  continuing  longer;  eight  ounces  maybe  added  to 
a gallon  ol  water,  or  a smaller  quantity  to  a solution  of 
sea-salt. 
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It  remains  to  consider  the  theory  of  Galvanism.  What 
is  its  nature  ? And  how  is  it  produced  by  galvanic  ar- 
rangements ? 

There  can  remain  little,  if  any  doubt,  that  Galvanism  is 
Electricity.  Not  only  are  they  similar  in  their  general 

e 

properties,  and  in  the  laws  they  observe,  but  their  identity 
has  been  more  strictly  established.  If  two  metallic  plates 
be  applied  to  each  other,  an  arrangement  which  we  know 
to  be  productive  of  galvanism,  the}’  are  found  to  pass  into 
different  electrical  states,  the  one  becoming  positive,  and 
the  other  negative.  Hie  two  extremities  of  a galvanic 
battery  are  likewise  in  these  opposite  states,  that  connect- 
ed with  the  more  oxidable  metal,  the  zinc,  in  the  common 
arrangement  being  positive,  and  that  with  the  other  me- 
tal negative.  These  states  can  even  be  communicated  to 
other  bodies  a weak  electrical  charge  being  given  to  a coat- 
ed jar,  and  even  to  an  entire  battery,  by  communication 
with  a galvanic  trough,  the  charge  being  communicated 
with  great  velocity,  and  very  nearly  to  the  same  intensity 
as  that  of  the  electrical  force  in  the  trough  itself.  And 
the  electricity  thus  communicated  gives  precisely  the  same 
sensation  or  shock  as  electricity  in  its  usual  form  : all  the 
other  electrical  phenomena  too,  such  as  the  passage  from  one 
conductor  to  another  at  a sensible  distance,  the  discharge 
through  an  imperfect  vacuum,  and  the  attractions  and  re- 
pulsions of  light  bodies,  have  been  obtained  from  the  ac- 
tion of  a very  powerful  galvanic  battery. 

The  differences  which  have  been  observed  between  elec- 
tricity and  galvanism  are  principally  that  the  galvanic 
influence  does  not  so  easily  penetrate  imperfect  conductors 
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as  the  cuticle,  charcoal,  water  and  other  liquids,  and  that 
its  chemical  action  is  much  more  energetic,  compared  with 
its  electrical  energy,  than  in  electricity  evolved  by  friction. 
The  cause  of  these  differences  appears  to  be,  that  galvan- 
ism, considering  it  as  electricity,  is  in  a low  state  of  tension. 
That  it  should  be  in  this  state,  appears  to  follow  from  the 
nature  of  the  arrangement  by  which  it  is  generated,  which, 
consisting  of  a series  of  conductors,  it  is  little  accumulated, 
but  is  carried  off  as  rapidly  as  it  is  produced,  while,  from 
the  nature  of  the  electrical  apparatus,  which  consists  of  less 
perfect  conducting  matter,  this  does  not  happen ; it  is  e- 
volvcd  less  rapidly,  and  accumulates  to  a higher  state  of 
intensity.  . That  galvanism  does  exist  in  this  state  of  low 
intensity,  appears  from  the  spark  from  a galvanic  battery 
being  so  small,  and  unable  to  overcome  the  resistance  of 
the  air,  if  the  points  of  the  conducting  wires  be  at  a very 
small  distance.  And  its  rapid  evolution  in  this  state  ap- 
pears from  this,  that  a charge  of  low  intensity  can  be  com- 
municated from  the  pile  to  a connected  series  of  coated  jars 
of  very  extensive  surface  by  a single  contact,  while  to  give 
a similar  charge  from  a very  powerfld  electrical  machine 
would  require  repeated  contacts.  It  is  farther  found,  that 
when  arrangements  are  formed  which  produce  a stream 
of  electricity  in  constant  evolution,  its  effects  are  perfectly 
similar  to  those  ot  galvanism  j Wollaston,  by  whom  the 
experiment  was  first  made,  having  shewn,  that  from  very 
fine  silver  wires  coated  with  wax,  and  connected  with  an 
electrical  machine  in  action,  effects  were  obtained  in  de- 
composing chemical  compounds  similar  to  those  which 
they  would  have  produced  if  connected  with  a galvanic 
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battery  ; and  Davy,  employing  a similar  arrangement, 
has  even  demonstrated  that  the  principles  of  the  de- 
composed substance  are  conveyed  to  a distance,  and  col- 
lected around  the  positive  and  negative  wires,  as  they  are 
by  galvanism  in  its  usual  form. 

On  the  hypothesis  that  electricity  and  galvanism  are  the 
same,  it  remains  to  be  determined  by  what  cause  it  is  e- 
volved,  and  put  in  motion  in  tire  galvanic  arrangements. 
Two  explanations  have  been  given  of  this  subject,  one  ori-  . 
ginally  proposed  by  Volta,  the  other  originating  with  the 
British  chemists. 

Volta’s  hypothesis  rests  on  a feet,  which  he  proves  by  ex- 
periment, that  “ if  two  different  metals,  perfectly  dry,  in- 
sulated, and  having  only  their  natural  quantity  of  electri- 
city, be  brought  into  contact,  on  removing  them  from  that 
contact,  they  are  in  different  electrical  states ; the  one  is 
positive,  the  other  negative.”  In  the  example  of  the  me- 
tals now  generally  used  in  galvanic  arrangements,  the  zinc 
is  in  the  former  statp  or  plus,  the  copper  in  the  latter  or 
minus.  The  difference  is  not  very  considerable ; it  is  per- 
ceptible, however,  and,  when  accumulated  in  an  electric 
condenser  by  repeated  application  of  the  plates,  becomes 
sufficiently  strong  to  cause  the  electrometer  to  diverge.  E- 
lectricity,  therefore,  is  developed  by  the  mere  contact  of  dif- 
ferent metals,  independent  of  any  foreign  action  on  them ; 
or  one  metal,  by  its  contact  with  another,  forces  part  of 
its  electricity  intp  that  other,  and  this  inequality  of  distri- 
bution continues  while  they  arc  in  contact,  and  no  con- 
ductor is  applied  to  them.  On  this  principle  the  action  of 
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the  usual  galvanic  arrangements  is  explained,  in  the  follow- 
ing manner. 

If  a series  of  metallic  plates  were  constructed,  without 
any  intermediate  substance,  no  accumulation  of  power 
would  be  obtained.  The  copper,  for  example,  commen- 
cing this  series,  and  in  contact  with  a plate  of  zinc  above 
it,  would  yield  to  it  part  of  its  electricity,  and  the  zinc 
would  become  positively  charged.  But  if  another  plate  of 
copper  were  placed  above  the  zinc,  this  action  would  be  in- 
terrupted 5 the  zinc  being  in  contact  at  each  of  its  surfaces 
with  the  two  plates  of  copper,  two  equal  forces  would  act 
in  opposite  directions,  and  destroy  or  counterbalance  each 
other.  The  difference  in  the  electrical  state,  therefore,  of 
a series  thus  formed,  would  not  be  greater  in  the  whole, 
than  in  a single  pair  of  the  plates,  and  would  even  amount 
to  nothing  if  the  arrangement  began  and  .ended  with  the 
same  metal.  But  if  a piece  of  moist  card  or  cloth  be  placed 
between  the  plates,  that  is,  between  the  zinc  plate  and  the 
second  copper  plate,  the  effect  of  the  latter  on  the  former 
is  interrupted  : the  liquid  in  the  card  having  comparative- 
ly with  the  metal  little  of  this  peculiar  electro-motive  power, 
or  property  of  breaking  by  contact  the  equilibrium  of  elec- 
tricity, does  not  check  the  motion,  but  acting  as  a con- 
ductor, conveys  the  positive  electricity  from  the  zinc  to 
the  next  copper  plate ; and  accordingly,  on  this  addition 
of  the  moistened  card,  Volta  finds,  by  experiment,  that 
signs  of  electricity  are  manifested.  By  continuing  the  se- 
ries the  power  is  always  increasing,  the  action  is  renewed 
at  each  pair  of  plates,  the  electricity  communicated  is  al- 
ways given  at  the  expence  of’  the  pieces  beneath ; these 
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therefore  become  negatively  charged  in  a progressive  or- 
der downwards  ; the  others  become  positively  charged  in  a 
similar  order  upwards  : the  two  plates  in  the  middle  of  the 
column  are  in  the  natural  state ; and  as  highly  negative  as 
the  copper  commencing  the  series  is,  as  highly  positive  is 
the  zinc  plate  which  terminates  it,  the  difference  being 
greater  according  to  the  number  of  plates.  The  different 
powers  of  the  different  metals  in  affording  galvanism,  Vol- 
ta ascribes  to  the  different  degrees  in  which  they  possess 
this  electro-moving  power,  or  to  the  effect  of  breaking  the 
electric  equilibrium,  being  greater  in  some  than  in  others, 
zinc  taking  electricity  from  every  other,  and  gold  yielding 
it  to  the  rest.  The  powers  of  different  liquids  in  exciting 
galvanism,  he  supposes  owing  to  their  greater  conducting 
power,  modified  as  they  have  less  of  the  electro-motive 
quality  ; and  he  shews  by  experiment,  that  saline  liquors, 
which  are  superior  to  water  in  exciting  galvanism,  are  su- 
perior ip  conducting  power.  The  action  which  puts  the 
electrical  energy  in  motion,  though  greatest  between  the 
metals,  is  not  peculiar  to  them ; it  exists,  though  to  a less 
degree,  in  other  substances,  and  hence  a galvanic  series  can 
be  constructed  without  metallic  matter.  And  ware  we 
possessed  of  any  solid  substance  capable  of  conducting  elec- 
tricity without  having  the  electro-motive  property,  we 
might  by  means  of  it  construct  a galvanic  battery  without 
the  intervention  of  any  liquid. 

The  hypothesis  opposed  to  this,  considers  the  excitation 

of  galvanism  as  the  consequence,  not  of  the  action  of  the 

metals  on  each  other,  but  of  the  chemical  action  of  the  li- 

« 

quids  employed  in  the  construction  of  the  galvanic  series 
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on  the  metals  composing  it.  The  following  is  the  mode 
in  w hich  its  evolution,  and  the  determination  ot  its  motion 
are  explained  on  this  hypothesis.  The  commencing  series 
is  copper,  zinc,  and  liquid  either  a saline  solution  or  a 
diluted  acid  -,  a chemical  action  is  exerted  between  this  li- 
quid, and  the  contiguous  surface  of  zinc,  and  in  conse- 
quence of  it  the  electricity  is  evolved,  or  passes  from  the 
substance  of  the  zinc  to  the  surface  acted  on ; the  plate, 
therefore,  becomes  negative, — a state  which  is  communi- 
cated to  the  copper  on  its  opposite  side.  The  electrical 
current  is  thus  determined,  or  it  passes  from  the  zinc 
through  the  liquid  ; it  is  brought  to  the  next  plate  : were 
this  zinc,  a chemical  action  would  be  exerted  between  it 
and  the  fluid,  and  a current  in  an  opposite  direction,  by 
which  each  would  be  neutralized,  would  be  formed ; but 
being  of  copper,  and  the  chemical  action  being  always  on 
the  more  oxidable  metal,  the  copper  merely  conducts  the 
electricity  to  the  next  plate  of  zinc ; at  the  other  surface 
of  this  zinc  plate,  a fresh  portion  of  electricity  is  added  to 
the  current,  by  the  chemical  action  which  is  there  exerted  ; 
this  is  repeated  at  each  of  these  plates ; the  quantity  of 
electricity  is  increased  as  the  current  proceeds ; and  hence 
the  last  zinc  plate  of  the  battery  must  be  in  a positive 
state,  while  the  other  extremity  is  negative. 

There  is  some  difficulty  in  deciding  on  the  merits  of 
these  hypotheses,  though  that  of  Volta  is  on  the  whole 
superior  to  the  other.  It  has  the  important  advantage  of 
resting  on  a principle  which  is  sufficiently  established,  that; 
two  metals  by  mere  contact  alter  their  electrical  states. 
And,  from  this  principle,  combined  wtth  the  fact,  which 
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appears  also  to  be  proved,  that  the  interposed  liquids  have 
little. of  this  electro-motive  power,  while  they  are  conduc- 
tors of  electricity,  it  appears  to  follow  that  from  such  an 
arrangement  as  that  which  constitutes  the  galvanic  appa- 
ratus, a stream  of  electricity  must  be  put  in  motion,  and 
the  two  extremities  of  the  series  must  be  in  the  opposite 
electrical  states. 

The  principal  difficulty  which  attends  it,  and  which  af- 
fords some  ground  for  the  opposite  hypothesis  to  rest  on, 
is  that  the  power  of  the  interposed  liquids,  in  exciting 
galvanism,  does  not  appear  to  be  proportional  merely  to 
their  superior  conducting  power,  but  to  be  connected  with 
the  chemical  action  they  exert ; those  being  most  power- 
ful in  exciting  it  which  act  chemically  with  greatest  ener- 
gy, and  the  excitation  in  a great  measure  ceasing  when 
that  action  ceases.  Yet  this  difficulty  is  perhaps  coun- 
terbalanced by  the  opposite  fact,  equally  established, 
that  the  power  of  certain  liquids  in  exciting  galva- 
nism is  more  than  proportional  to  their  chemical  action ; 
alkaline  solutions,  for  example,  or  solutions  of  sea-salt  or 
sal-ammoniac,  affording,  next  to  diluted  acids,  the  liquids 
best  adapted  to  excite  galvanic,  though  they  do  not  exert 
any  great  chemical  energy;  and  in  comparing  them 
with  these  acids,  their  exciting  power  is  unquestion- 
ably much  greater  than  their  chemical  action.  If  chemi- 
cal changes,  therefore,  at  all  operate  in  the  production  of 
galvanic  electricity,  it  is  probably  only  as  a subordinate 
cause,  modifying  the  more  important  one  from  the  electro^ 
motive  power. 


PART  II. 


QF  THE  CHEMICAL  PROPERTIES  AND  COMBINA- 
TIONS OF  INDIVIDUAL  SUBSTANCES. 


V 

^pHE  Science  of  Chemistry  divides  itself  into  two  great 
departments, — the  one  including  its  general  princi- 
ples, or  the  statement  of  the  phenomena  and  laws  of  those 
forces  from  the  operation  of  which  chemical  change#  arise  ; 
the  other  comprising  what  relates  to  the  operation  of  these 
forces  on  individual  substances,  embracing  therefore  the 
hJstory  oi  the  combinations  of  matter,  and  the  chemical 
agencies  of  all  known  bodies. 

I have  given  the  outline  of  the  methods,  according  to 
which  substances  may  be  classed,  in  conformity  to  their 
chemical  relations.  The  table  of  the  arrangement  I have 
framed  is  prefixed  to  the  first  part  of  this  volume,  and  it 
is  unnecessary  to  repeat  the  observations  with  which  it  is 
accompanied.  The  first  place  is  given  to  Atmospheric 
Air  and  its  Elements,  as  there  are  no  substances,  the  che- 
mical fictions  of  which  are  more  important  and  extensive, 
and  none  therefore  with  which  it  is  more  necessary  to  be 
acquainted,  in  proceeding  to  the  details  ofthe  science. 

V©I~  I.  R 
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BOOK  I. 

OF  ATMOSPHERIC  AIR  AND  ITS  ELEMENTS. 

T he  atmosphere  is  that  mass  of  elastic  fluid  which  sur- 
rounds the  globe.  This  aerial  fluid  was  regarded  as 
an  clement  in  the  system  of  ancient  philosophy ; and  one 
of  the  most  brilliant  discoveries  of  modefn  chemistry  is 
that  of  its  composition,  first  clearly  demonstrated  by 
Scheele.  It  consists  of -two  aeriform  bodies,  oxygen  gas, 
and  nitrogen  gas  •,  with  which  are  mixed,  a small  portion 
of  another  elastic  fluid,  carbonic  acid,  probably  originat- 
ing from  accidental  sources,  and  watery  vapour  in  variable 
proportions  derived  obviously  from  the  evaporation  of 
water  at  the  surface  of  the  earth.  Ihc  two  latter  sub- 
stances are  therefore  scarcely  regarded  as  essential  to  ita 
constitution. 

The  composition  of  atmospheric  air  is  demonstrated 
both  by  analysis  and  synthesis.  The  analysis  is  perform- 
ed by  submitting  it  to  the  action  of  substances  which 
combine  easily  with  oxygen,  and  reduce  it  from  the  aciial 
form,  such  as  phosphorus,  or  the  compound  liquor  form- 
ed by  boiling  sulphur  with  lime  and  water  : a diminution 
of  volume,  amounting  to  about  a fifth  part,  is  produced, 
and  the  remaining  air  is  wholly  changed  in  its  properties 
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being  incapable  of  sustaining  combustion  or  animal  life. 
It  is  nitrogen  gas  and  the  oxygen  with  which  it  was 
united  is  found  to  be  combined  with  the  substance  by  the 
action  of  which  the  change  has  been  effected.  The  syn- 
thetic experiment  consists  merely  in  mixing  oxygen  and 
nitrogen  gases  in  the  due  proportions,  about  21  of  the  for- 
mer with  79  of  the  latter  by  measure,  when  an  elastic 
fluid  is  formed  perfectly  similar  to  atmospheric  air.  To 
be  enabled  to  explain  the  chemical  agencies  of  the  com- 
pound, it  is  necessary,  first,  to  describe  the  properties  of 
its  constituent  parts. 


CHAP.  I. 

OF  OXYGEN  GAS. 

This  elastic  fluid  was  discovered  nearly  about  the 
same  time  by  Scheele,  Priestley,  and  Lavoisier.  It  re- 
ceived the  appellations  of  Fire  Air,  Dephlogisticated  Air, 
Fure  Air,  and  Vital  Air, — terms  superseded  by  the  name 
of  Oxygen,  derived  from  a chemical  property  eminently 
characteristic  of  it,  that  of  giving  sourness  or  acidity  to 
the  compounds  in  which  it  predominates.  Oxygen  de- 
notes its  gravitating  matter  or  base ; Oxygen  Gas  is  the 
name  given  to  it  in  its  elastic  form. 

This  aeriform  fluid  is  extensively  diffused.  It  not  only 
•exists  as  a constituent  principle  of  the  atmosphere,  but  it 
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is  also  the  principal  component  part  of  water ; it  exists  in 
all  acids,  and  is  found  in  numerous  forms  of  combination 
in  mineral  substances,  and  in  the  products  of  the  vegeta- 
ble and  animal  systems. 

It  is  from  some  of  its  compounds  that  it  is  obtained  in- 
sulated. That  which  affords  it  most  readily  is  the  mineral 
substance  known  by  the  name  of  Black  Manganese.  This 
consists  of  a peculiar  metal,  manganese,  united  with  oxy- 
gen. If  exposed  to  a full  red  heat,  a large  portion  of  the 
oxygen  is  expelled  in  the  aerial  form  *,  the  elevated  tem- 
perature weakening  the  affinity  between  the  metal  and  the 
oxygen,  and  allowing  the  latter  to  escape  from  the  com- 
bination, until  the  increase  thus  produced  in  the  rela- 
tive quantity  of  the  manganese' to  the  oxygen  that  re- 
mains, adds  so  much  to  the  force  of  its  attraction,  that 
the  farther  decomposition  is  prevented.  The  expulsion 
of  the  oxygen  from  the  black  oxide  of  manganese  is  much 
facilitated  by  the  introduction  of  another  affinity,  so  that  if 
mixed  with  its  own  weight  of  sulphuric  acid,  a large  quan- 
tity of  oxygen  gas  is  disengaged  from  the  mixture  by  the 
heat  of  a lamp  : the  acid  favouring  its  escape,  by  the  at- 
traction which  it  exerts  to  the  manganese,  in  a low  state 
of  oxidation.  Other  metallic  oxides,  as  the  red  oxide  of 
mercury,  or  the  red  oxide  of  lead,  afford  a portion  of 
oxygen  by  similar  processes  ; a large  quantity  is  obtained 
when  nitre  is  decomposed  by  heat  in  an  earthen  retort : 
another  salt,  the  oxymuriate  of  potash,  affords  it,  when 
exposed  to  a red  heat,  and  in  a state  more  pure  than 
that  in  which  we  obtain  it  by  other  methods. 

Oxygen  gas  is  colourless,  and  destitute  of  smell  or  taste  > 
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it  is  rather  heavier  than  atmospheric  air  5 being  about 
1 127,  the  latter  being  1000. 

This  gas  is  absorbed  by  water,  but  in  very  sparing 
quantity ; 100  cubic  inches  of  water,  freed  from  air  by 
boiling,  absorbing  not  more  than  3.55  cubic  inches,  under 
a common  atmospheric  pressure,  and  at  the  temperature 
of  60°.  By  increasing  pressure,  a larger  quantity  is  absorb- 
ed, proportional  to  the  pressure  applied  ; and,  under  a 
great  pressure,  water  may  be  made  to  take  up  about  half 
its  bulk  of  the  gas,  acquiring,  however,  from  this  impreg- 
nation, no  taste  or  smell. 

The  most  characteristic  property  of  oxygen  gas  is  its 
power  of  exciting  and  supporting  combustion.  When  an 
inflammable  body  is  kindled  and  introduced  into  it,  the 
combustion  is  rapid  and  vivid  the  combustible  body  burns 
longer,  and  is  more  quickly  consumed,  and  much  more 
heat  and  light  are  evolved,  than  when  it  burns  in  atmos- 
pheric air  ; and  even  bodies  which  do  not  suffer  combus- 
tion, when  raised  to  a red  heat  in  atmospheric  air,  as 
iron,  burn  rapidly  when  they  are  at  this  temperature  im- 
mersed in  oxygen  gas.  Strictly  speaking,  it  is  the  only 
gas  that  supports  combustion,  atmospheric  air  and  others 
doing  so  only  from  the  oxygen  they  contain.  During  the 
burning,  the  oxygen  is  consumed,  or  is  absorbed  by  the 
burning  body  j and  hence  a given  quantity  of  it  can  sup- 
port the  process  only  for  a limited  time.  The  result  of 
the  combustion  is  frequently  the  production  of  a sub- 
stance having  acid  properties  ; and  from  this,  oxygen  ha,s 
been  regarded  as  the  principle  of  acidity. 

Oxygen  gas  is  also  distinguished  by  its  power  of  sup- 
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poiting  animal  lift’.  If  an  animal  be  confined  in  a given 
quantity  of  it,  it  lives  a longer  time  than  it  would  do 
in  the  same  volume  of  atmospheric  air.  A quantity  dis- 
appears, or  is  consumed  during  respiration,  and  is  indis- 
pensable to  the  continuance  df  life  ; and  atmospheric  air, 
or  any  gas,  sustains  life,  only  from  the  oxygen  it  contains 
and  is  capable  of  affording  to  the  blood.  Pure  oxygen, 
however,  does  not  appear  to  be  well  adapted  to  animal  ex- 
istence. If  an  animal  be  confined  in  a given  quantity  of 
it,  its  respiration  becomes  hurried  -and  laborious  before 
the  whole  6f  the  oxygen  is  consumed,  and  it  dies  even 
though  so  much  oxygen  is  still  present,  that  another  ani- 
mal of  the  same  species,  introduced  into  the  residual  air, 
will  live.  Hence  the  adaptation  to  animal  life  of  an  at- 
mosphere sucli  as  ours  is,  in  which  oxygen  is  diluted  with 
another  air,  which  appears  to  be  nearly  negative  in  its  ef- 
fects. ; * r ' 1 * 

Oxygen  has  a tendency  to  combination,  more  extensive 
perhaps  than  any  other  chemical  agent  has.  It  is  neces- 
sary to  support  combustion,  and  during  that- process  it 
combines  with  the  combustible  body.  The  products  are 
compounds  of  oxygen,  and  arc  numerous  and  important 
agents  in  chemistry.  The  acids  are  of  this  kind,  and 
their  activity  is  principally  dependent  on  their  oxygen, 
which  they  yield  readily  to  other  bodies,  and  which,  by 
the  dense  state  in  which  it  exists,  is  often  capable  of  ex- 
erting powerful  affinities.  All  the  metals  arc  capable  of 
combining  with  this  principle.  And  it  exists  in  an  im- 
mense number  of  natural  substances.  It  is  unquestion- 
ably more  abundant  in  nature,  and  more  extensively  dif- 
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fused  than  any  simple  body : its  affinities  are  more 

numerous  and  more  energetic  ; the  development  of  its 
agencies  formed  the  principal  part  of  what  has  been  named 
the  modern  theory  of  chemistry,  and  still  affords  the  most 
important  relations  of  the  science. 


CHAP.  II. 

OF  NITROGEN  GAS. 

This  elastic  fluid  remains  after  the  removal  of  oxygen 
from  atmospheric  air,  by  the  processes  which  have  been 
described.  . It  is  most  easily  procured  by  burning  phos- 
phorus in  atmospheric  air,  or  exposing  this  air  to  the  li- 
quor, formed  by  boiling  sulphur  and  lime  with  water : in 
either  case  the  oxygen  gas  is  abstracted,  and  the  residual 
nitrogen  gas  is  agitated  with  water  to  render  it  pure. 
Nitrogen  is  also  disengaged  from  animal  substances,  acted 
on  by  diluted  nitric  acid.  It  has  been  known  by  various 
appellations,  as  Corrupted  Air,  Mephitic  Air,  Phlogisti- 
cated  Air.  It  received  the  name  of  Azote  or  Azotic  Gas, 
from  being,  in  opposition  to  oxygen,  incapable  of  sustain- 
ing animal  life  by  respiration.  The  more  correct  deno- 
mination of  Nitrogen  is  given  to  it,  from  being  the  base  of 
an  order  of  compounds  which  have  been  long  known  by 
the  name  of  Nitrous. 
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Nitrogen  gas  is  permanently  elastic,  invisible,  insipid, 
and  inodorous.  It  is  lighter  than  atmospheric  air,  its 
specific  gravity  being  to  that  of  the  latter  as  966  to 
1000. 

This  gas,  possessing  no  very  striking  property,  is  prin- 
cipally characterized  by  certain  negative  qualities  in  its 
pure  form,  and  by  the  nature  of  the  compounds  it  forms. 
Thus  it  is  incapable  of  supporting  combustion.  It  is  equal- 
ly incapable  of  supporting  animal  life  by  respiration.  It 
is  not  inflammable  ; for  although  it  combines  with  oxygen, 
a process  generally  attended  with  the  phenomena  of  com- 
bustion, nitrogen  presents  the  anomaly  of  exhibiting  none 
of  the  appearances  of  burning  during  this  combination  ; it 
neither  sensibly  evolves  heat  nor  fight.  Lastly,  nitrogen 
gas  is  not  perceptibly  absorbed  by  water  ; it  suffers  no  ap- 
parent diminution  of  volume  when  exposed  to  it.  If,  how- 
ever, the  water  has  been  previously  freed  from  all  air  by 
boiling,  and  the  nitrogen  gas  be  exposed  to  it  for  some 
hours,  a very  small  quantity,  1.47  cubic  inch,  is  absorbed 
by  100  cubic  inches  of  the  water. 

Nitrogen  exhibits  more  distinctive  characters  in  the 
combinations  into  which  it  enters.  It  unites  with  oxygen 
in  different  proportions,  and  forms  compounds  possessed 
of  very  peculiar  chemical  properties.  It  unites  too  with 
hydrogen.  And  it  is  a chief  ingredient  in  the  products  of 
the  animal  system,  and  appears  to  give  their  most  distin- 
guishing chemical  characters. 

Opinions  have  often  varied  with  regard  to  the  nature  of 
nitrogen,  and  certain  facts  were  observed  which  rendered 
the  investigation  of  this  difficult.  Priestley  stated  many 
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experiments  in  which  nitrogen  gas  appeared  to  be  procu- 
red from  water  by  peculiar  processes.  Thus,  in  distilling 
water  from  an  earthen  retort,  or  in  passing  it  through  an 
earthen  tube  at  a red  heat,  an  elastic  fluid  was  always  ob- 
tained, consisting  chiefly  of  nitrogen.  In  the  freezing 
of  water,  a portion  of  elastic  fluid  is  disengaged,  which 
Priestley  found  also  to  be  nitrogen  ; and  the  production  of 
this  appeared  to  him  to  be  unlimited.  A given  portion  of 
water,  which  had  been  previously  freed  as  much  as  pos- 
sible from  any  air  it  might  hold  dissolved,  being  made 
to  freeze  in  a tube,  gave  out  air ; and  when  this  was  remo- 
ved, and  the  water  melted  without  exposing  it  to  the  at- 
mosphere, still,  on  freezing  it,  there  was  the  disengagement 
of  nitrogen  gas.  Girtanner  gave  an  extensive  series  of 
experiments,  affording  similar  results  with  regard  to  the 
production  of  nitrogen  in  converting  water  into  vapour. 
He  concluded  from  them,  that  nitrogen  is,  like  water,  a 
compound  of  oxygen  and  hydrogen,  containing  a smaller 
proportion  of  oxygen  than  water  does ; atmospheric  air, 
therefore,  he  supposed  to  be  a compound  of  oxygen  and 
hydrogen  ; and  the  nitrogen  gas  obtained  from  it  by  the 
usual  methods  he  supposed  to  be  formed  by  a portion  of 
the  oxygen  being  abstracted,  and  the  remaining  quantity 
f iltering  into  combination  with  the  hydrogen.  Priestley 
had  drawn  different  conclusions.  Water  he  regarded  as 
probably  a simple  body,  and  the  basis  of  all  clastic  fluids, 
appearing  under  the  form  of  nitrogen,  hydrogen  and  o- 
thers,  by  modifications  produced  on  it  by  the  operation  of 
more  subtle  principles  which  we  are  not  able  to  ascertain 
by  weight. 
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These  hypotheses  were  generally  regarded  as  extrava#- 
gant,  and  nitrogen  gas  was  in  the  system  of  Modern  Che- 
mistry held  to  be  a simple  substance.  The  late  discover- 
ies, however,  by  the  application  of  galvanism,  have  appear- 
ed to  establish  facts  with  regard  to  it  which  preclude  this 
supposition.  . Ammonia  is  a compound  of  nitrogen  with 
another  elastic  fluid,  hydrogen  ; and  when  this  compound 
is  submitted  to  the  action  of  potassium,  the  base  of  potash, 
aided  by  heat,  an  olive-coloured  substance  is  obtained,  the 
ammonia  disappears,  and  a portion  of  hydrogen  is  evolved. 
The  solid  substance,  Mr  Davy  inferred,  from  its  forma- 
tion, and  from  the  results  of  its  analysis,  is  a compound  of 
the  potassium  with  the  nitrogen  of  the  ammonia,  and  a 
little  oxygen  derived,  either  from  moisture,  or  perhaps  ex- 
isting as  an  element  of  ammonia.  When  decomposed  by 
heat,  it  gives  out  nitrogen  with  a portion  ofhydrogcn,  and 
a little  ammonia ; but  the  most  singular  fact  is,  that  in  this 
decomposition  less  nitrogen  is  obtained  than  what  ought 
to  be  given  out.  Since,  therefore,  nitrogen  is  not  evolved 
in  the  first  experiment,  when  the  ammonia  is  decomposed 
by  the  action  of  potassium,  and  since  the  quantity  ot  it 
given  out  in  the  decomposition  of  the  substance  formed  by 
that  action,  is  not  equal  to  what  ought  to  be  evolved  from 
the  quantity  known  to  exist  in  the  composition  of  ammo- 
nia, there  is  an  evident  loss  of  it  -,  and  this  loss  of  nitrogen, 
Mr  Davy  farther  finds,  is  accompanied  with  a production 

both  of  oxygen  and  nitrogen. 

From  these  singular  results,  if  no  source  ol  fallacy  can 
be  supposed  present,  it  follows,  that  nitrogen  lias  some  pe- 
culiar relation  both  to  hydrogen  and  oxygen.  1 he  most 
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obvious  suppositions  arc,  that  it  may  be  an  oxide  of  hy- 
drogen ; or  that  both  it  and  hydrogen  may  be  compounds 
of  one  elementary  matter,  the  base  of  ammonia.  But  we 
have  no  facts  from  which  the  question  can  be  decided ; 
Mr  Davy’s  subsequent  investigations  have  indeed  rather 
thrown  doubt  on  the  former  conclusions,  as  they  point  out 
some  circumstances  whence  the  loss  of  nitrogen  and  pro- 
duction of  hydrogen  might  be  in  part  accounted  for,  with- 
out supposing  the  nitrogen  to  be  decomposed.  Yet  eVen 
these  are  not  so  unequivocal  as  to  be  altogether  decisive, 
and  the  opposite  view,  as  Mr  Davy  remarks,  may  still  be 
defended. 

The  idea  of  the  composition  of  nitrogen  derives  no  supr 
port  from  the  original  observations  from  which  it  was  in- 
ferred, the  production  of  it  in  passing  water  through  ig- 
nited earthen  tubes,  or  in  the  freezing  of  water  ; for,  with 
regard  to  the  former,  it  has  been  shewn  to  arise  from  the 
admission  of  atmospheric  air  from  the  porosity  of  the  tube ; 
and,  with  regard  to  the  latter,  Mr  Davy  has  found,  that 
when  care  is  taken  to  exclude  the  admission  of  atmospheric 
air,  the  production  of  aerial  matter  is  very  limited,  and 
what  does  appear  is  probably  atmospheric  air,  and  mere- 
ly the  small  portion  of  it  held  by  water  in  a state  of  solu- 
tion. The  nature  of  nitrogen,  therefore,  remains  at  pre- 
sent wholly  in  obscurity. 
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CHAP.  III. 

/ . 

OF  ATMOSPHERIC  AIR. 

For  the  discovery  of  the  composition  of  atmospheric 
air,  chemistry  is  indebted  to  Schecle.  The  following  is  the 
experiment  from  which  he  inferred  it : Having  put  into  a 
bottle,  capable  of  containing  24-  ounce  measures,  four  oun- 
ces of  a liquor  prepared  by  boiling  a solution  of  potash  on 
sulphur,  and  having  closed  the  bottle  accurately,  and  in- 
verted it  in  water,  he  allowed  it  to  remain  in  this  situation 
for  two  weeks.  At  the  end  of  that  time,  he  opened  the 
bottle  under  water,  when  a portion  of  water  immediately 
rushed  in,  shewing  that  part  of  the  air  included  with  the 
liquor  had  been  absorbed,  or  lost  its  elastic  form  : the 
quantity  which  had  disappeared  amounted  to  six  parts 
nearly  of  the  original  twenty.  The  remaining  air  was 
changed  in  its  qualities,  wras  lighter  than  atmospheric  air, 
and  incapable  of  supporting  combustion. 

Scheele  had  previously  discovered  the  existence  and  pro- 
perties of  oxygen  gas,  and  by  this  discovery  he  was  ena- 
bled to  explain  the  nature  of  the  changes  which  the  atmo- 
spheric air  had  undergone.  Since  it  was  diminished  in 
volume,  it  was  obvious  that  a portion  of  elastic  fluid  had 
been  abstracted  from  it ; and  since  it  was  also  changed  in 
its  qualities,  and  in  particular  was  no  longer  capable  ol 
supporting  combustion,  it  might  be  inferred,  that  it  had 
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not  been  a portion  of  the  entire  air  that  had  been  absorb- 
ed, but  a principle  which  gave  it  that  property.  Scheele 
accordingly  concluded,  that  oxygen  gas  had  been  abstract- 
ed from  it,  the  entire  air  being  a compound  of  this  with 
the  residual  gas,  which  is  nitrogen.  He  found,  what  was 
conformable  to  this,  that  oxygen  gas  is  absorbed  by  the 
solution  of  sulphur  and  potash  by  which  the  diminution 
in  the  volume  of  atmospheric  air  had  been  produced.  And 
he  farther  confirmed  his  conclusions  synthetically,  by  add- 
ing oxygen  gas  to  the  residual  nitrogen  when  an  air  simi- 
lar to  atmospheric  air  was  produced.  He  found,  that  si- 
milar changes  are  produced  in  atmospheric  air  by  other 
substances  which  are  capable  of  abstracting  its  oxygen. 

Lavoisier  soon  after  advanced  the  same  opinion  with  re- 
gard to  the  composition  of  atmospheric  air,  from  experiments 
in  which  its  oxygen  was  abstracted  by  burning  inflamma- 
ble bodies  or  calcining  metals  in  it.  From  some  of  the 
compounds  formed  in  these  processes,  particularly  in  the 
calcination  of  quicksilver,  he  obtained  the  oxygen  which 
had  disappeared,  and  adding  it  to  the  residual  nitrogen 
gas,  reproduced  atmospheric  air.  The  composition  of  this 
air,  theicfore,  is  demonstrated,  both  by  analysis  and  syn- 
thesis. 

The  process  by  which  the  proportion  of  oxygen  in  at- 
mospheric air  is  determined,  has  been  named  Eudiome- 
try,  from  an  opinion  which  at  one  time  was  entertained, 
that  the  salubrious  power  of  the  air  with  regard  to  animal 
life  depends  on  oxygen,  and  that  therefore  by  this  process 
we  might  be  able  to  ascertain  this,— an  opinion  for  which 
there  is  no  foundation.  Different  cudiometrical  methods 
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are  employed,  such  as  the  action  of  the  liquor  prepared 
•from  sulphur  and  potash,  or  sulphur  and  lime  boiled  in 
water,  the  slow  combustion  of  phosphorus,  the  detonation 
Of  the  air  with  hydrogen  gas,  and  the  action  of  nitric 
oxide  gas,— applications.  to  be  noticed  under  the  history 
cf  these  substances. 

The  proportions  of  oxygen  and  nitrogen  in  the  atmos- 
phere have  been  variously  estimated,  from  the  diversities 
arising  from  different  eudiometrical  processes.  The  ave- 
rage .result  from  those  experiments  that  can  be  regarded 
as  most  accurate,  is  21.5  of  oxygen  gas  to  78.5  of  nitrogen 
gas  by  measure,  or  22.5  to  77.5  by  weight. 

It  has  been  supposed,  that  the  composition  of  atmos- 
pheric air  varies  at  different  parts  of  the  earth’s  surface, 
and  also  at  different  heights.  The  reverse  of  this,  how- 
ever, has  been  sufficiently  established,  and,  by  more  recent 
experiments,  made  with  every  precaution,  it  has  been 
shewn,  that  air,  in  tire  upper  regions  of  the  atmosphere,  is 
the  same  in  composition  with  air  at  the  level  of  the  sea, 
and  that  there  is  an  equal  uniformity  in  composition  in 
the  air  of  distant  countries.  It  is  also  uniform,  according 
to  De  Marti’s  experiments,  in  every  state  of  the  atmos- 
phere with  regard  to  temperature,  pressure,  humidity,  the 
Season  of  the  year,  or  the  hour  of  the  day  or  night. 
What  appears  rather  more  singular,  the  same  experiments 
prove  what  Priestley  had  indeed  before  established,  that 
the  air  of  places  the  most  offensive  and  unhealthy,  is  of 
the  same  sensible  chemical  composition  as  that  of  situa- 
tions the  most  salubrious ; the  air  of  crowded  cities,  or  of 
manufactories,  being  not  less  pure  than  that  of  the  coun-* 
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try;  the  deleterious  agency,  therefore,  of  such  air,  de- 
pending not  on  any  difference  in  composition,  but  on  the 
presence  probably  of  more  subtle  effluvia,  unfavourable  to 
health. 

In  the  composition  of  atmospheric  air,  there  is  a strik- 
ing singularity,  which  requires  to  be  pointed  out.  Its 
constituent  gases  are  of  different  specific  gravities,  and 
therefore,  were  they  not  retained  in  union  by  a mutual  at- 
traction, it  might  be  concluded  that  they  must  separate  ; 
the  heavier,  that  is,  the  oxygen,  collecting  towards  the 
surface  of  the  earth,  the  lighter  receding  from  it,  and  oc- 
cupying the  upper  region, — a separation  which,  it  appears 
from  the  preceding  facts,  does  not  take  place.  Yet,  al- 
though they  remain  united,  there  are  none  of  the  usual 
indications  of  chemical  union,  no  modification  of  proper- 
ties, and  even  no  change  of  density.  What,  then,  is  the 
nature  of  that  constitution  by  which  they  are  preserved  in 
a state  of  equal  and  uniform  diffusion  ? 

To  solve  this  problem,  a very  ingenious  hypothesis  lias 
been  advanced  by  Mr  Dalton,  founded  on  the  assumption, 
:hat  the  particles  of  mixed  gases  neither  attract  nor  repel, 
Mt  are  perfectly  indifferent  with  regard  to  each  other. 
Did  they  attract,  Mr  Dalton  conceives,  they  must  enter 
into  intimate  combination,  which  would  be  marked  by  a 
change  of  properties.  Did  they  repel  each  other,  they 
must  separate,  and  be  arranged  according  to  their  speci- 
ic  gravities.  Either  supposition,  therefore,  he  concludes, 
s excluded  by  the  known  constitution  of  the  atmosphere ; 
rnd  there  remains  only  the  hypothesis,  that  the  particles 
ff  the  elastic  fluids  composing  it  neither  attract  nor  repel. 
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nor  are  indeed  at  all  affected  by  their  proximity.  On  this 
hypothesis,  each  gas  diffuses  itself  from  the  repulsion  be- 
tween its  own  particles,  and  there  rest,  upon  the  surface 
of  the  earth,  so  many  columns,  as  it  were,  of  these  gases, 
each  supporting  itself  by  its  own  elasticity,  intimately 
blended  with  the  others,  but  altogether  independent  of 
each  other.  And  as  the  diffusion  is  complete,  we  disco- 
ver, in  any  given  portion  of  the  mass,  these  gases  in  the 
same  relative  proportion. 

Another  hypothesis  may  be  proposed  on  this  subject, 
resting  perhaps  on  a principle  more  probable  a priori, 
and  equally  adapted  to  explain  the  constitution  of  atmos- 
pheric air.  The  most  correct  views  of  chemical  affinity 
lead  to  the  principle,  that  all  bodies  have  mutual  attrac- 
tions, and  that  these  are  prevented  from  operating,  so  as 
to  establish  intimate  combination  only  by  the  exertion  of 
external  forces.  In  the  action  of  a liquid  on  a solid,  co- 
hesion operates,  counteracting  the  mutual  attraction,  and, 
if  sufficiently  powerful,  preventing  solution.  In  the  action 
of  an  aerial  substance  on  a solid,  the  cohesion  of  the  one, 
and  the  elasticity  of  the  other,  are  the  obstacles  to  the 
effective  exertion  of  the  attraction  exerted  between  them. 
And  in  the  case  of  two  aeriform  fluids  presented  to  each 
other,  the  same  elasticity  in  each  is  the  cause  counteract- 
ing that  affinity  which  would  unite  their  particles.  But 
in  all  these  cases,  it  is  not  to  be  supposed  that  the  affini- 
ty is  not  exerted : it  no  doubt  operates  with  a certain 
force,  the  circumstances  which  act  against  it  only  being  so 
powerful  as  to  prevent  intimate  combination.  1 he  par- 
ticles of  oxygen  and  nitrogen  gases  are  capable,  under 
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certain  circumstances,  of  exerting  a strong  attraction,  and 
enteiing  into  intimate  combination.  Tjnder  the  circum- 
stances in  which  they  are  presented  to  each  other  in  the 
atmosphere,  this  attraction  is  not  exerted  so  as  to  over- 
come the  elasticity  of  each,  and  establish  this  combination. 
But  still  it  exists,  and  may  so  far  operate  as  to  counteract 
the  slight  difference  in  their  specific  gravity,  and  retain 
them  in  slight  union.  This  accounts  satisfactorily  for  the 
phenomena,  and,  in  particular,  reconciles  the  two  facts, 
which  appear  incompatible,  the  uniformity  of  the  compo- 
sition of  atmospheric  air,  while  it  has  no  properties  diffe- 
rent from  those  of  its  constituent  parts.  The  principle, 
too,  in  the  abstract,  is  more  probable  than  that  of  the  op- 
posite hypothesis.  The  particles  of  any  individual  gas  re- 
pel each  other : why  therefore  should  the  particles  of 
mixed  gases  not  exert  a similar  repulsion  ? It  is  scarcely 
possible  to  conceive  any  cause  for  this,  but  the  exertion 
of  a mutual  attraction  not  sufficiently  powerful  to  over- 
come their  elasticity,  and  bring  them  into  intimate  combi- 
nation, but  exerted  at  least  with  such  force,  as  to  counter- 
act their  repulsion,  so  as  to  prevent  their  separation. 

Besides  the  oxygen  and  nitrogen  which  principally 
compose  the  air  of  the  atmosphere,  there  always  exists  in 
it  a sensible  quantity  of  a compound  elastic  fluid,  Carbo- 
nic Acid  Gas.  This  is  easily  discovered,  by  exposing  to- 
the  atmosphere,  substances  which  have  an  attraction  to 
tin's  gas,  as  lime  water,  or  an  alkaline  solution  ; they  are 
soon  found  to  have  imbibed  a portion  of  it.  The  propor- 
tion of  this  gas  to  the  other  gases  composing  the  atmos- 
phere is  so  small,  that  it  is  not  easy  to  estimate  it  with 
Vol.  I.  s 
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accuracy.  It  has  been  supposed  to  amount  to  a hundredth 
part.  Mr  Dalton  has  inferred,  from  experiment,  that  it 
does  not  exceed  a thousandth  by  weight.  As  this  gas  is- 
produced  in  respiration,  and  in  other  processes  at  the 
surface  of  the  earth,  the  portion  of  it  contained  in  the  at- 
mosphei'e  has  been  supposed  to  be  derived  from  these 
sources.  This  is  not  improbable ; at  the  same  time,  from  the 
reciprocal  attraction  which  gases  exert,  it  is  uniformly 
diffused ; and  it  appears  also  to  be  present  always  in  near- 
ly the  same  proportion,  and  at  the  greatest  heights  at 
which  the  air  has  been  examined. 

Aqueous  vapour  is  another  constituent  part  of  the  at- 
mosphere ; in  quantity,  however,  very  variable,  and  ob- 
viously derived  from  the  evaporation  of  water  at  the  sur- 
face,— an  operation  dependent  on  temperature  and  other 
causes,  and  therefore  not  uniform.  The  temperature  is 
the  great  cause  by  which  the  quantity  is  varied,  and  hence 
the  proportion  of  watery  vapour  in  the  atmosphere  is 
much  dependent  on  climate  and  season.  In  the  torrid 
zone,  Mr  Dalton  remarks,  its  quantity  is  such  as  to  exert 
a pressure  on  the  surface  of  the  earth  equal  to  from  0.6  to 
an  inch  of  mercury : in  our  climate  it  is  seldom  equal  to 
a pressure  of  0.6,  and  in  winter  is  sometimes  so  low  as 
0. 1 . While  it  preserves  completely  the  elastic  form,  the 
air  through  which  it  is  diffused  is  perfectly  transparent.. 
When  condensing,  it  communicates  a degree  of  opacity, 
and,  according  to  the  extent  and  rapidity  of  the  conden- 
sation, gives  rise  to  the  appearances  of  clouds,  dew,  mist, 
and  rain. 
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A subject  of  chemical  inquiry  is,  by  what  operation  is 
watei  elevated  in  vapour  in  the  atmosphere  ? and,  what  is 
strictly  connected  with  this,  in  what  state  does  the  aque- 
ous vapour  exist?  Water,  being  capable  of  passing  into 
vapoui  horn  the  action  of  heat  alone,  it  has  been  sup- 
posed that  its  elevation  in  the  atmosphere  is  entirely  the 
result  of  temperature  ; the  vapour  formed  existing,  accord- 
ing to  one  view,  in  a state  merely  of  mechanical  diffu- 
sion, or  independent  of  any  action  of  the  permanent  gases 
upon  it,  or,  according  to  a different  hypothesis,  being 
combined  with  these  gases  by  a weak  attraction.  Ac- 
cording to  a different  theory,  the  transition  into  vapour  is 
owing  to  the  chemical  affinity  exerted  to  water  by  atmos- 
pheric air,  and  of  course  it  is  retained  by  that  air  in  a 
state  of  solution  or  weak  combination. 

This  last  theory,  proposed  by  Halley,  and  afterwards 
illustrated  by  Le  Roy,  Hamilton  and  Franklin,  is  proba- 
bly  t*ie  just  one-  a mutual  affinity  exists  between  water 
and  the  gases  composing  the  atmosphere,  for  it  absorbs 
them  in  sensible  quantity ; the  same  affinity  must  operate 
in  enabling  these  gases  to  dissolve  a portion  of  water,  and 
this  is  promoted,  like  all  similar  combinations,  by  a high 
temperature,  by  agitation,  and  of  course  also  by  the  dryness 
of  the  atmosphere.  The  opposite  views  rest  on  an  assump- 
tion extremely  doubtful,  that  water,  independent  of  any 
chemical  action  of  the  air  upon  it,  can  pass  into  vapour 
at  natural  temperatures.  The  proof  which  has  been 
usually  given  of  this  is,  that  water,  placed  in  vacuo , passes 
into  vapour  at  such  temperatures.  Rut  the  proof,  from 
ihe  manner  in  which  the  experiment  has  been  performed, 
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is  altogether  inconclusive.  A little  water  is  placed  in  the 
jar  of  the  air-pump,  and  the  air  is  exhausted,  or  it  is  in- 
troduced into  the  barometer,  and  of  course  into  the  more 
perfect  Torricellian  vacuum.  But  in  either  case  the  pres- 
sure of  the  atmosphere  is  withdrawn,  along  with  its  che- 
mical agency ; and  although  a portion  of  water  may,  un- 
der these  circumstances,  pass  into  vapour,  this  is  no  piool 
that  the  same  thing  will  happen  under  the  usual  atmos- 
pheric pressure.  The  experiment  to  be  conclusive  must^ 
be  performed  under  a pressure  equivalent  to  that  of  the 
atmosphere,  that  is,  equal  to  a column  of  mercury  294- 
inches  in  height.  But  the  result  is  then  subversive  of  the 
hypothesis  •,  for  water,  under  that  pressure  in  vacuo,  does 
not  sensibly  evaporate. 

It  is  probable,. therefore,  that  the  spontaneous  evapora- 
tion of  water,  exposed  to  the  atmosphere,  depends  princi- 
pally on  the  attraction  exerted  to  it  by  the  elastic  fluids 
which  form  atmospheric  air,  and  the  aqueous  vapour 
existing  in  it  may  be  regarded  as  in  the  same  state  of 
slight  union  with  the  other  gases  composing  it,  as  they 
arc  with  each  other.  The  only  difference  is,  that  they, 
being  so  far  distant  from  the  point  at  which  they  assume 
the  aeriform  state,  arc  not  affected  by  natural  changes  of 
temperature,  while  these  changes  must  effect  the  Combina- 
tion so  for  as  it  relates  to  the  aqueous  vapour. 

Another  chemical  question  of  considerable  interest,  but 
still  involved  in  difficulty,  relates  to  the  causes  by  which 
water  is  precipitated  from  the  atmosphere,  or  the  theory 
of  rain.  It  is  obvious,  that  it  may  be  occasioned  by  re- 
duction of  temperature,  but  it  is  not  easy  ah'  ays  to  ttact  thifc 
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Cause,  and  especially  to  account  for  the  deposition  being 
so  sudden  and  copious.  Hutton  advanced  the  hypothesis, 
that  the  solvent  power  of  air,  with  regard  to  water,  is  in- 
■ci  eased  by  temperature  in  a higher  ratio  than  the  increase 
of  temperature  itself;  and  hence,  if  two  portions  of  air,  at 
different  temperatures,  arc  mingled,  as  they  may  be  in  the 
atmosphere  by  winds,  the  whole  quantity,  if  each  has  been 
previously  saturated  with  humidity,  will  be  incapable  of 
letaining  in  solution  all  the  water  which  the  separate  por- 
tions held  dissolved : a quantity  therefore  will  be  rapidly 
separated,  and  its  particles,  uniting  and  meeting  with  re- 
sistance in  their  descent,  will  coalesce  so  as  to  form  rain. 


.The  principle  of  this  hypothesis,  however,  is  not  establish- 
ed, and  it  is  even  perhaps  more  probable,  a priori,  from 
theory,  that  the  solvent  power  should  proceed  in  a de- 
creasing ratio  with  regard  to  temperature,  the  increase  of 


temperature  augmenting  the  elasticity,  which  is  an  ob- 
stacle to  the  combination.  Electricity  has  sometimes  been 
supposed  to  be  concerned  both  in  the  spontaneous  evapo- 
ration of  water,  and  in  its  deposition  from  the  atmosphere, 
but  the  facts  with  regard  to  this  arc  not  well  ascertained. 

The  atmosphere,  then,  so  far  as  its  constituent  parts  can 
be  ascci tuined  by  chemical  analysis,  consists  of  oxygen, 
nitiogen,  caibonic  acid,  and  aqueous  vapour ; the  three 
fiist  are  in  constant,  the  last  in  variable  proportions;  but 
taking  the  mean,  the  following  may  be  given  as  the  reja- 
tjve  quantities  of  these'  principles  : 

Nitrogen  gas,  77 .5  by  measure,  75.55  by  weight. 

Oxygen  gas,  21.  23.32  ' 

Aqueous  vapour,  1.42 . j (y; 


C arbonic  acid  gas,  ,08 
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The  properties  of  atmospheric  air  are  simply  those  ot 
its  constituent  gases,  weakened  by  their  mutual  dilution. 
It  is  invisible,  insipid,  inodorous,  compressible  and  perma- 
nently elastic.  Its  specific  gravity  is  .0012279, — the  me- 
dium, as  nearly  as  can  be  estimated,  between  the  specific 
gravities  of  oxygen  and  nitrogen  gases,  in  the  proportions 
in  which  they  are  mixed  in  the  atmosphere. 

Atmospheric  air  supports  combustion,  a power  depen- 
dent on  its  oxygen.  From  the  operation  ot  the  same 
principle,  it  sustains  animal  life  in  respiration.  The  ac- 
tion of  the  nitrogen  is  negative  in  both  processes;  it  serves 
therefore  merely  to  weaken  the  action  of  the  oxygen. 

Water  absorbs  atmospheric  air,  though  in  sparing 
quantity.  The  absorption,  too,  appears  to  be  unequal 
with  regard  to  its  constituent  parts,  more  of  the  oxygen 
being  absorbed  than  of  the  nitrogen.  By  agitation  of  a 
small  portion  of  air  with  a large  quantity  of  water,  the 
whole  of  its  oxygen  may  even  be  abstracted,  while  the 
greater  part  of  the  nitrogen  remains  unabsorbed.  x.  Hence 
all  water  exposed  to  the  atmosphei'e  holds  air,  chiefly  oxy- 
gen, dissolved,  and  it  is  difficult  to  expel  this  air  from  it. 
entirely. 

Atmospheric  air  is,  from  its  chemical  powers,  an  im- 
portant agent  in  many  chemical  and  natural  processes.  It 
equalizes  temperature  over  the  globe,  and  distributes  wa- 
ter. It  sustains  life  in  respiration,  and  is  necessaiy  in  the 
process  of  vegetation.  And  by  its  chemical  action  it 
slowly  effects  changes  in  the  greater  number  of  substances 
which  are  exposed  to  it. 

An  interesting  subject,  but  one  extremely  obscure,  re- 
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lates  to  tlie  natural  processes  by  which  the  purity  and  uni- 
form composition  of  the  atmosphere  are  preserved.  By  re- 
spiration, and  many  other  chemical  changes  going  on  at  the 
surface  of  the  earth,  there  is  a constant  consumption  of  its 
oxygen,  and,  by  many  of  these  processes,  there  is  also  a 
production  of  carbonic  acid  gas,  by  both  of  which  the 
composition  of  the  air  must  be  altered,  and  its  purity  con- 
sidered in  relation  to  animal  life  impaired.  Yet  we  do  not 
find  that  any  sensible  deterioration  takes  place  ; and  indeed 
we  have  proof,  from  its  adaptation  to  the  processes  of  na- 
ture, that  its  comjiosition  must  have  always  been  the 
same.  By  what  causes,  then,  is  this  uniformity  of  compo- 
sition preserved  ? At  one  time  it  was  imagined,  that  the 
vegetable  kingdom  performed  this  important  function  ■; 
growing  plants  absorbing,  it  was  supposed,  carbonic  acid 
gas  by  their  leaves,  and  exhaling  oxygen  gas.  The  two 
trioes  of  animated  beings  thus  stood  .opposed  to  each  other 
in  their  relations  to  the  atmosphere,  and  presented  an  ad- 
mirable view  of  adjustment  in  the  economy  of  nature. 
There  is,  however,  much  reason  to  doubt  of  the  facts  on 
which  this  opinion  rests,  and,  from  more  recent  investiga- 

, O 

tions,  it  appears  even,  that  except  when  under  the  direct 
action -of  the  rays  of  the  sun,  vegetables,  like  animals,  con- 
sume oxygen,  and  form  carbonic  acid.  There  must  there- 
lore  be  other  processes  by  which  the  changes  in  the  at- 
mosphere are  regulated,  and  its  purity  restored ; — pro- 
cesses probably  depending  on  the  relations  which  exist: 
between  oxygen,  hydrogen,  and  nitrogen,  and  which  the 
progress  of  the  science  may  soon  unfold. 
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CHAP.  IV. 

OF  THE  CHEMICAL  AGENCY  OF  OXYGEN  IN  ITS  PURE  FORM, 

AND  AS  IT  EXISTS  IN  ATMOSPHERIC  AIR)  AND  OF  ITS  GE- 
NERAL CHEMICAL  RELATIONS. 

The  attractive  power  of  oxygen  towards  other  bodies 
is  more  extensive  than  that  of  any  other  chemical  agent, 
and  the  history  of  its  combinations  forms  perhaps  the 
most  important  part  ot  chemical  science, — an  importance 
which  the  progress  of  discovery  is  only  more  fully  unfold- 
ing The  agencies  of  this  element  admit  of  some  general 

O o 

observations  ; and  as  they  are  exerted  by  it  both  in  its 
pure  form,  and  as  it  exists  in  atmospheric  air,  I consider 
these  observations  as  best  placed  after  the  history  ot  the 
atmosphere.  They  form  the  subject  of  the  present  chap- 
ter. 

The  most  general  phenomenon  attending  the  combina- 
tions of  oxygen,  is  the  evolution  of  heat  and  light.  This 
constitutes  the  operation  of  Combustion  or  Burning,  the 
theory  of  which  is  first  to  be  explained. 

The  phenomena  of  combustion,  and  the  distinction  ol 
bodies  into  combustible  or  inflammable,  and  incombustible 
or  uninflammable,  are  sufficiently  familiar.  The  latter,  whin 
exposed  to  heat,  have  their  temperature  raised  proportional 
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to  tlip  degree  of  heat  applied ; but  when  this  is  withdrawn, 
the  temperature  falls,  and  they  return  to  their  former 
state.  Combustible  bodies,  on  the  contrary,  when  suffi- 
ciently heated,  begin  of  themselves  to  emit  heat : this  is 
also  accompanied  with  an  evolution  of  light  •,  and  while 
these  changes  proceed,  the  body  appears  to  be  consumed, 
or  at  least  it  is  converted  into  matter,  which  is  no  longer 
inflammable.  It  is  this  emission  of  heat  and  light,  and 

apparent  waste  of  substance,  or  change  of  properties,  which 

\ 

constitute  the  process  of  Combustion. 

Becher  first  endeavoured  to  explain  these  phenomena 
on  chemical  principles.  Fire  he  considered  as  the  effect 
of  a peculiar  principle,  what  he  named  Inflammable  Earth, 
in  a state  of  motion : this  principle  he  supposed  to  exist  in 
inflammable  bodies,  and  when  brought  into  this  state,  to 
exhibit  the  phenomena  of  burning.  Stahl,  without  adopt- 
ing the  whole  of  this  hypothesis,  supposed  that  inflamma- 
bles contain  a common  principle,  the  matter  of  heat  and 
light,  on  which  their  inflammability  depends  j that  the  dis- 
engagement of  this  gives  rise  to  the  sensible  phenomena  of 
combustion,  and  that  to  its  evolution  the  loss  of  inflam- 
mability is  owing.  He  farther  established,  in  conformity 
to  these  views,  an  important  fact,  that  inflammability  may 
be  restored  to  the  uninflammable  product,  by  heating  it 
with  another  inflammable  substance, — a change  which  he 
ascribed  to  the  transfer  of  the  inflammable  principle,  or 
phlogiston,  as  he  named  it,  from  the  one  to  the  other. 

This  hypothesis  appearing  to  afford  a satisfactory  ex- 
planation of  the  phenomena,  was  soon  universally  recei- 
ved, and,  for  a considerable  period,  no  doubt  was  enter- 
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tained  of  its  truth.  In  framing  it,  however,  Stahl  had 
not  attended  to  the  influence  of  the  air  in  combustion, 
which,  even  before  his  time,  had  been  demonstrated,  and 
t he  nature  of  it  in  some  degree  ascertained,  by  the  experi- 
ments of  Mayow  and  Boyle.  It  was  therefore  defective  in 
not  accounting  for  the  necessity  of  the  presence  of  the  air 
to  the  support  of  that  process.  It  had  farther  been  ascer- 
tained, that  some  bodies,  instead  of  losing,  gain  weight  in 
burning, — a fact  inexplicable  on  the  supposition  that  com- 
bustion consists  merely  in  the  disengagement  of  a princi- 
ple from  the  burning  body. 

Various  attempts  were  made  to  solve  these  difficulties, 
but  with  little  success  ; and  the  discoveries  which  were 
soon  after  made  of  the  chemical  agencies  of  the  elastic 
fluids,  proved  still  more  clearly  the  deficiency  of  the  ori- 
ginal doctrine.  It  was  observed,  that  combustion  pro- 
ceeds more  rapidly  in  oxygen  gas  than  in  atmospheric 
air  j and  it  was  farther  shewn,  that  when  it  is  carried  on 
in  atmospheric  air,  the  volume  and  weight  of  the  air  are 
diminished,  and  the  residual  air  is  incapable  of  support- 
ing that  process, — changes  which  were  farther  proved  to 
be  owing  to  the  consumption  of  oxygen.  These  facts  led 
to  different  views.  While  the  greater  number  of  chemists 
laboured  to  reconcile  them  with  the  system  of  Stahl,  two 
French  chemists,  Bayen  and  Lavoisier,  considered  them  as 
leading  to  the  subversion  of  the  hypothesis.  Bayen  had 
observed,  that  from  the  calces  of  metals,  as  they  were  na- 
med, a large  quantity  of  elastic  fluid  is  given  out  on  ex- 
posing them  to  heat  with  charcoal,  or  even  with  regard  to 
some  of  them  to  heat  alone,  the  metal  being1  at  the  same 
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time  reduced  to  the  metallic  form  •,  whence  he  concluded, 
that  the  metaj  owes  its  calcined  state,  not,  as  the  system  ol 
Stahl  supposed,  to  the  loss  of  phlogiston,  but  to  its  combi- 
nation with  this  air.  Lavoisier  had  at  the  same  period 
traced  still  farther  the  agency  of  the  air  in  combustion. 
He  demonstrated,  what  in  part  indeed  had  been  shewn  by 
former  chemists,  though  it  had  never  been  much  attended 
to,  that  its  volume  is  diminished  during  this  process,  the 
diminution  ceasing  when  it  proceeds  to  a certain  extent ; 
that  the  substance  in  burning  increases  in  weight,  and  that 
from  the  product  of  the  combustion,  an  elastic  fluid  may 
be  obtained.  The  views  suggested  to  him  by  these  expe- 
riments, he  gradually  extended  and  strengthened  by  new 
researches.  He  at  length  established  the  simple  princi- 
ple, that  combustion  is  merely  the  combination  of  oxygen 
with  combustible  bodies.  And  availing  himself  of  the  dis- 
covery of  Black,  of  the  large  quantity  of  latent  caloric  pe- 
culiar to  the  aeriform  state,  he  farther  inferred,  that  the 
heat  produced  in  burning  is  not  derived  from  the  combus- 
tible matter,  but  from  the  oxygen  gas.  With  these  con- 
clusions were  combined  others,  forming  a system,  in  which 
the  chemical  relations  of  oxygen  were  developed. 

The  theory  of  Lavoisier  rests  on  the  following  general 
facts  : ls£,  The  presence  of  oxygen  is  indispensable  to  com- 
bustion : a combustible  body  being  incapable  of  being  kin- 
dled in  vacuo ^ or  in  any  air  which  cannot  afford  to  it  oxy- 
gen ; or,  if  kindled,  it  is  immediately  extinguished  in  any 
of  these  situations  : if,  on  the  contrary,  it  be  placed  in 
pure  oxygen  gas,  its  combustion  is  more  vivid  than  in  at- 
mospheric afr.  2 dly,  Hie  oxygen  present  is  always  con- 
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sumed,  as  is  proved  by  the  diminution  of  volume  and  ab- 
straction of  oxygen  which  attend  combustion  in  atmosphe- 
ric air : lienee,  too,  a burning  body,  when  confined  in  a 
certain  quantity  of  air,  burns  only  for  a limited  time,  that 
is,  until  the  oxygen  present  is  consumed ; while,  in  the 
same  quantity  of  oxygen  gas,  it  continues  to  burn  much 
longer  j the  diminution  of  volume  too  is  in  this  case  great- 
er, and  were  the  oxygen  gas  pure,  the  whole  of  it  might 
be  spent  in  the  combustion.  3 dly,  In  every  case  of  com- 
bustion the  combustible  body  increases  in  weight,  an  in- 
crease equal  to  the  weight  of  the  oxygen  which  disappears  : 
this  increase  of  weight  indeed  is  not  always  apparent ; on 
the  contrary,  it  often  appears  that  the  weight  is  much  di- 
minished, or  even  that  tlie  body  is  entirely  consumed ; 
but  this  is  owing  to  the  product  being  one  existing  in  the 
aeriform  state,  and  therefore  not  evident  to  the  senses : if 
obtained,  however,  and  weighed,  it  is  found  to  exceed  the 
weight  of  the  combustible  body ; and  in  every  case  of  this 
kind,  as  well  as  where  the  product  is  a concrete  substance, 
and  of  course  more  easily  weighed  with  accuracy,  the  in- 
crease of  weight  is  found  exactly  equal  to  the  weight  of  the 
oxygen  gas,  which,  during  the  combustion,  had  combined 
with  the  combustible  body.  Lastly,  the  oxygen  which  has 
■disappeared  during  the  process  of  combustion,  can  always 
lie  recovered  from  the  substance  formed  by  the  process  : it 
cannot  always  indeed  be  obtained  in  a pure  form,  for  the 
affinity  by  which  it  is  retained  combined  with  the  coin- 
bustible  body,  is  in  general  too  powerful  to  be  overcome 
by  the  mere  application  of  heat ; but  it  can  always  be  pro- 
cured by  exposing  the  substance  formed  bv  the  combus- 
tion to  the  action  of  another  inflammable  body,  having  a 
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stronger  attraction  to  oxygen  •,  the  oxygen  is  tranferred 
from  the  former  to  the  latter,  and  the  substance  which  we 
know  to  be  formed  from  that  substance  combined  with 
oxygen  is  obtained  ; the  quantity  of  this  new  product 
indicating  the  quantity  of  oxygen  transferred,  and  this  al- 
ways corresponding  with  the  quantity  which  had  original- 
ly been  consumed  in  the  combustion.  All  these  facts  have 
been  ascertained  by  experiments  of  great  accuracy,  and 
they  establish  the  conclusion,  that  combustion  consists  in 
the  combination  of  oxygen  with  combustible  bodies  : These 
bodies  are  substances  having  an  attraction  to  oxygen  : 
And  the  products  of  combustion  are  compounds  of  them 
with  this  principle. 

This  combination,  like  other  cases  of  chemical  action, 
is  influenced  by  temperature:  in  general,  heat  requires 
to  be  applied  to  cause  it  to  commence,  the  evolution  of 
caloric  from  the  combination  itself  being  then  sufficient 
to  enable  it  to  proceed.  The  heat  operates  by  dimi- 
nishing the  cohesion  of  the  combustible  body  which  oppo- 
ses the  combination,  and  the  degree  of  it  will  be  regulated 
by  the  force  of  that  cohesion,  and  the  strength  of  the  af- 
finity between  the  oxygen  and  the  combustible  matter. 

From  the  principle  thus  established,  it  remains  to  ex- 
plain tnc  phenomena  which  attend  combustion, — the  evo- 
lution of  caloric,  and  of  light. 

With  regard  to  the  origin  of  the  heat  in  burning,  the 
popular  notion  appears  at  first  view  incontrovertible, — that 
it  is  derived  from  the  burning  body.  It  is  more  or  less 
hot ; no  other  agent  appears  to  be  concerned  ; and  it  ap- 
pears nearly  a self-evident  conclusion,  that  the  body,  the 
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temperature  of  which  is  thus  elevated,  is  the  source  of  the 
caloric  by  which  the  elevation  is  produced.  It  is  accord- 
ingly the  conclusion  which  was  received  in  the  earlier  hy- 
potheses of  Becher  and  Stahl. 

The  discovery  of  the  influence  of  the  air  in  combustion, 
at  once  invalidates  the  apparent  strictness  of  the  reasoning 
whence  this  conclusion  was  drawn ; for,  when  it  is  disco- 
vered that  combustion  is  not  merely  an  affection  of  the 
combustible  body,  but  is  the  result  of  its  combination  with 
a portion  of  the  air  around,  it  is  obvious,  that  the  heat 
may,  with  as  much  probability,  a priori,  be  supposed  to  be 
derived  from  the  one  as  from  the  other.  Whether  it  pro- 
ceed from  the  combustible  matter,  or  from  the  oxygen  gas, 
it  must  be  evolved  at  the  surface  where  the  combination 
proceeds,  that  is,  at  the  surface  of  the  burning  body  : it  is 
apparent  to  the  senses,  while  the  gas  being  invisible  escapes 
observation ; but  still  the  caloric  given  out  by  the  gas,  and 
communicated  to  the  substance  in  the  act  of  combustion, 
may  be  the  cause  of  its  elevation  of  temperature. 

When  it  was  farther  ascertained,  as  wras  done  by  the 
discovery  of  Black,  that  aeriform  substances  contain  a 
large  quantity  of  caloric  peculiar  to  their  aeriform  state,  it 
became  even  the  more  probable  opinion,  that  the  caloric 
evolved  in  combustion  is  derived  from  the  oxygen  gas, 
which  in  that  process  generally  passes  into  a more  dense, 
and  often  indeed  into  a concrete  form.  This  accordingly 
appears  to  have  been  the  first  modification  of  this  opinion 
that  was  proposed,  the  heat  produced  being  supposed  to 
be  the  latent  caloric  peculiar  to  the  oxygen  in  its  aerial 
form. 
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Another  view  of  the  subject,  or  perhaps  rather  a dif- 
ferent mode  of  expressing  it,  was  likewise  proposed  by  La- 
voisier. He  regarded  caloric  as  existing  in  bodies,  and 
especially  in  those  in  the  aeriform  state,  in  a state  of  che- 
mical combination,  and  supposed  it  to  be  disengaged  in 
combustion  from  the  oxygen  gas,  in  consequence  of  the 
superior  affinity  of  the  combustible  body  to  oxygen. 

Crawford  gave  the  explanation  under  a form  less  hypo- 
thetical, and  more  directly  inferred  from  experiment. 
The  general  fact  had  been  demonstrated,  that  different 
bodies  at  the  same  temperature  contain  different  quanti- 
ties of  caloric, — a fact  expressed  by  saying,  that  they  have 
different  capacities  for  heat.  Irvine  had  farther  shewn, 
that  the  capacity  for  heat  is  often  changed  by  chemical 
combination.  It  occurred  to  Crawford,  that  this  might 
happen  during  combustion,  and,  if  it  did,  might  give  rise 
to  the  evolution  of  heat  which  attends  the  process  ; for,  if 
the  capacity  be  diminished,  in  other  words  if  the  capaci- 
ty of  the  compound  resulting  from  any  combination  be 
less  than  the  mean  of  the  capacities  of  its  constituent  parts, 
a portion  of  caloric  must  be  rendered  sensible,  or  produce 
an  elevation  of  temperature.  This  led  to  an  extensive 
experimental  investigation,  whence  were  established  the 
general  lacts,  that  the  capacity  of  oxygen  gas  for  caloric 
is  uncommonly  great,  that  the  capacities  of  combustible 
bodies  are  comparatively  small,  and  that  the  capacities  of 
the  substances  formed  by  combustion,  though  superior  to 
those  of  combustible  bodies  themselves,  arc  inferior  to  the 
mean  ol  these  and  of  oxygen  gas.  Hence  an  elevation  of 
temperature  must  attend  the  combination,  and  the  caloric 
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producing  this  must  be  derived  from  the  oxygen  gas,  not 
from  the  combustible  matter.  In  different  bodies,  the 
difference  in  the  proportion  between  the'  capacities  before 
and  after  combustion  are  different,  and  hence  the  quan- 
tities of  caloric  evolved  are  extremely  various. 

It  is  not  difficult  to  determine  which  of  these  explana- 
tions is  to  be  preferred.  Crawford’s  involves  no  hypothe- 
sis ; and  if  the  experiments  by  which  the  capacities  are  de- 
termined be  correct,  or  even  be  approximations  to  accu- 
racy, it  is  simply  what  every  philosophical  theory  ought 
to  be,  the  expression  of  general  facts.  Nor  is  there  any 
reason  to  call  in  question  the  general  accuracy  of  the  ex- 
periments, though,  from  the  difficulty  of  the  investigation, 
they  may  be  involved  in  some  errors,  affecting  not  the 
principle,  but  merely  the  estimation  of  the  quantities  of  ca- 
loric evolved. 

The  origin  of  the  light  in  combustion  is  of  more  diffi- 
cult explanation ; at  least  we  can  have  still  less  certainty 
of  the  justness  of  any  opinion  with  regard  to  it.  La- 
voisier had  supposed  it  to  be  derived  from  the  oxygen 
gas,  but  without  any  conclusive  evidence  j for  it  is  obvious, 
that  the  admission  of  the  fact,  that  the  caloric  is  evolved 
from  this  gas,  is  no  proof  that  the  light  has  the  same 
source ; at  least  without  the  assumption  sufficiently  impro- 
bable, that  these  two  principles  are  the  same. 

We  have  perhaps  no  very  decisive  evidence,  that  the 
light  is  derived  from  the  conmustible  body  j still  there  are 
some  facts  which  appear  to  render  this  rather  the  more 
probable  opinion.  Thus,  light  is  olten  evolved,  when 
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oxygen  is  transferred  from  one  inflammable  to  another, 
and  as  the  oxygen  in  its  first  combination  has  parted  with 
its  light,  it  it  contained  any,  the  fight  evolved  in  the  se- 
cond combination  must  be  supposed  to  be  derived  from 
the  inflammable  body.  Another  fact,  still  more  conclu- 
sive, is,  that  an  evolution  oflight  attends  the  combination 
of  inflammable  substances  with  each  other,  of  which  we 
have  a striking  example  in  the  combination  of  sulphur 
with  metals.  This  proves  that  light  is  a principle  existing 
in  these  bodies,  and  as  we  have  no  similar  proof  of  its  ex- 
istence in  oxygen  gas,  it  follows  as  the  more  probable 
conclusion,  that  the  fight  evolved  in  the  combustion  of 
these  substances  is  that  which  they  are  thus  proved  to 
contain.  At  the  same  time,  it  is  to  be  remarked,  that 
with  regard  to  principles  so  subtle,  our  conclusions  must 
in  the  present  state  of  chemistry  be  somewhat  uncertain  ; 
and  the  production  of  intense  fight  by  galvanism,  without 
our  being  able  distinctly  to  assign  its  origin,  proves  suffi- 
ciently that  we  are  imperfectly  acquainted  with  the  chemi- 
cal relations  of  this  power. 

Vciy  different  quantities  of  fight  are  given  out  by  dif- 
ferent combustible  bodies  in  burning ; in  general,  the  il- 
lumination is  greatest  from  those  which  are  in  the  state  of 
vapour  while  burning  ; at  the  same  time,  this  is  not  strict- 
ly necessary,  some  substances  which  remain  fixed,  as 
phosphorus  or  iron,  giving  very  intense  fight.  The  consti- 
tution of  the  light  emitted  with  regard  to  the  different  co- 
loured rays,  is  also  different  in  different  bodies,  some  in 
burning  giving  white,  others  differently  coloured  fight. 
This  appears  to  be  very  much  connected  with  the  tem- 
Vol,  I.  t 
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perature  which  accompanies  the  combustion.  Those 
which  burn  with  a low  heat,  as  sulphur  or  ardent  spirit, 
in  o-eneral  emit  the  blue  or  purple  rays  most  copiously  ; 

O 

those  which  burning  produce  a greater  elevation  of  tem- 
perature, as  charcoal,  give  the  red  rays  *,  and  where  the 
temperature  is  high,  and  the  combustion  rapid,  all  the 
rays  are  emitted  so  as  to  constitute  white  light. 

Besides  the  simple  case  of  the  combination  of  oxygen 
in  the  elastic  form  with  bodies,  which  constitutes  combus- 
tion, there  are  others  rather  more  complicated,  in  which, 
after  having  been  combined  with  one  body,  it  is  transfer- 
red from  it  to  another. 

Of  this,  the  operation  of  Deflagration  is  an  example. 
When  an  inflammable  substance  is  mixed  with  nitre,  on 
kindling  the  mixture,  a very  rapid  combustion,  attended 
with  the  disengagement  ol  much  heat  and  light,  takes 
place,  and  this  altogether  independent  of  any  action  ot 
the  air.  Idle  theory  of  the  operation  is,  that  in  nitre 
there  exists  a large  quantity  of  oxyrgen  in  a concrete  foim, 
this  salt  consisting  of  nitric  acid  and  potash,  and  tins  acid 
being  composed  of  oxygen  ami  nitrogen.  These  are  not 
retained  in  union  by  a strong  attraction  j hence,  w'hen  ex- 
posed to  heat  they  separate,  and,  in  deflagration,  the  oxy- 
gen being  presented  to  the  inflammable  substance,  com- 
bines with  it  rapidly,  and  causes  it  to  burn.  The  nitro- 
gen gas  assumes  the  elastic  form,  mixed  h equent ly  with 
an  aeriform  product  from  the  combustion.  There  is 
some  difficulty  in  accounting  for  the  high  tempera  tin  e. 
produced  by  deflagration.  Oxygen  existing  in  the  elastic 
form  has  a large  capacity  for  caloric,  and  suffering  a di- 
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munition  of  capacity  in  the  combinations  into  which  it 
enters,  the  temperature  must  be  elevated.  But  existing 
in  nitre  in  a concrete  state,  it  is  not  to  be  presumed  that 
its  capacity  will  be  equally  great.  In  passing  therefore  into 
a new  state  of  combination,  there  cannot  be  a diminution 
of  capacity  to  the  same  extent,  and  hence  there  must  be 
less  caloric  evolved.  In  some  cases  even  of  deflagration, 
the  compound  which  the  oxygen  forms  with  the  combus- 
tible body  exists  in  the  aeriform  state,  and  reasoning  from 
analogy,  it  must  require  more  caloric  to  produce  in  it  a 
given  temperature  than  the  nitre  itself. 

This  difficulty  perhaps  cannot  be  entirely  removed.  It 
may  be  remarked,  however,  what  so  far  lessens  it,  that 
the  consumption  of  a given  quantity  of  oxygen  by  defla- 
gialion,  lenders  less  caloric  sensible  than  tile  consumption 
of  the  same  quantity  by  combustion  : thus,  Lavoisier  as- 
ceitained,  that  in  the  deflagration  of  charcoal  with  nitre, 
the  heat  evolved  melted  29i  libs  of  ice,  1 lib.  of  oxygen 
being  consumed  ; while  in  the  consumption  of  the  same 
quantity  of  oxygen  in  the  common  combustion  of  char- 
coal, the  quantity  evolved  melted  37i-  libs.  It  is  also 
to  be  observed,  that  when  oxygen  combines  with  nitro- 
gen, to  form  nitric  acid,  little  caloric  is  set  free ; and 
again,  when  this  acid  combines  with  potash  to  form  nitre, 
there  is  little  disengagement  of  heat.  We  thus  trace  the 
fuge  quantity  of  caloric  in  oxygen  gas  along  with  it  into 
the  solid  salt,  and  hence  may  expect  it  to  be  evolved, 
when  the  oxygen  is  transferred  to  an  inflammable  sub- 
stance. The  only  difficulty  is,  whether  the  large  quantity 
ef  caloric,  which  would  thus  appear  to  be  contained  in  in- 
i'2 


292 


6r  THE  CHEMICAL  AGENCY 


tre,  can  be  proved  to  exist  in  it  from  its  known  capacity, 
which  according  to  this  view  ought  to  be  great ; and  with 
regard  to  this,  we  have  as  yet  no  experiments  that  can  be 
considered  as  decisive. 

The  origin  of  the  light  in  deflagration,  must  be  the 
same  as  that  in  combustion. 

From  the  sudden  and  rapid  extrication  of  aeriform  mat- 
ter, which  attends  deflagration,  a high  elastic  power  is  exert- 
ed, especially  as  the  elasticity  of  this  is  so  much  increased 
by  the  high  temperature.  This  elastic  po\Ver  is  of  course 
greatest  when,  with  the  gaseous  matter,  from  the  decompo- 
sition of  the  acid  of  the  nitre,  there  is  an  aeriform  product 
from  the  combination  of  the  oxygen  with  the  inflammable. 
This  happens  in  the  deflagration  of  charcoal  and  of  sul- 
phur, and  to  this  the  expansive  power  of  gun-powder, 
which  consists  of  these  ingredients  with  nitre,  is  owing. 
In  some  cases,  the  quantity  of  elastic  product  is  so  great, 
and  the  elasticity  of  it  so  much  augmented  by  the  caloric 
suddenly  disengaged,  that  the  mere  resistance  of  the  at- 
mosphere gives  rise  to  a loud  noise.  This  forms  what  is 
named  Detonation.  It  is  not  only  produced  by  heat,  but, 
with  regard  to  some  substances,  by  friction,  or  percussion. 

The  last  general  case  of  the  combinations  of  oxygen  to 
be  noticed,  is  that  where  it  is  transferred  from  one  body 
to  another,  without  being  accompanied  by  the  phenomena 
of  combustion.  Thus  the  acids  contain  oxygen.  In  act- 
um on  an  inflammable  substance  or  a metal,  they  often 

O 

yield  this  oxygen.  Water,  which  is  a compound  oi  oxy- 
gen, sometimes  affords  it  to  other  bodies ; and  the  pre- 
sence of  an  acid  often  favours  this,  or  causes  the  water 
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to  be  move  easily  decomposed.  In  such  cases,  there  is  no 
great  elevation  of  temperature,  partly  because  the  oxygen 
existing  in  these  compounds  has  been  deprived  of  the  ca- 
loric peculiar  to  it  in  the  aerial  form,  and  partly  as  the  sub- 
stance evolved  from  the  decomposition  of  the  acid  or  the 
water,  and  which  is  usually  gaseous,  absorbs  much  of  the 
caloric  that  would  otherwise  be  rendered  sensible.  Nei- 
ther is  there  in  general  any  evolution  of  light : if  evolved 
it  is  either  not  sensible  from  the  slowness  of  the  process, 
or  else  it  passes  into  combination  with  the  base  with 
which  the  oxygen  had  been  combined. 

Plie  combination  of  oxygen  with  a body,  whatever  may 
be  the  phenomena  attending  it,  is  named  in  general  its 
Oxidation  or  Oxygenation,  or,  according  to  the  nomen- 
clature proposed  by  Mr  Chenevix,  Oxidizement  or  Oxy- 
genizement.  The  result  of  it  is,  the  formation  of  com- 
pounds which  possess  some  common  properties,  and  agree 
to  a certain  extent  in  tjie  chemical  agencies  they  exert. 
Hence  they  admit  of  some  general  observations. 

Of  these  compounds  some  have  a sour  taste,  are  capa- 
ble of  reddening  the  vegetable  colours,  and  of  combining 
vith  the  alkalis,  so  as  to  neutralize  the  alkaline  properties. 
A substance  possessed  of  these  properties  is  named  in 
chemical  language  an  Acid.  There  are  a number  of 
Acids,  and  these  in  general,  so  far  as  they  have  been  ana- 
lyzed, contain  oxygen.  Hence  this  element  is  considered 
as  the  principle  of  acidity,  from  which  indeed  its  name  is 
derived. 

Acidity,  however,  is  not  the  invariable  result  of  the 
combinat  ion  of  oxygen.  The  products  of  these  combine 
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tions  are  often  destitute  of  any  acid  property.  It  is  con- 
venient to  have  a term  to  denote  this  class  of  compounds, 

and  in  the  modern  nomenclature  they  are  denominated 

1 / 

Oxides. 

Oxides  and  Acids,  then,  are  two  orders  of  compounds, 
under  which  are  arranged  all  those  substances  that  result 
from  the  combination  of  oxygen  with  other  bodies.  Acids 
are  distinguished  by  the  possession  of  certain  common  pro- 
perties just  now  enumerated.  Oxides  have  scarcely  any 
common  qualities  by  which  they  are  distinguished ; the 
distinction  being  rather  negative,  or  denoting  that  the 
compound  has  no  acid  power.  The  alkalis  and  earths  are 
now  to  be  regarded  as  oxides,  and  the  most  distinguishing 
property  common  to  them,  and  likewise  to  all  the  metal- 
lic oxides,  is  that  of  neutralizing  the  properties  of  acids. 
But  there  are  likewise  oxides  to  which  this  property  does 
not  belong.  The  word  oxidation  or  oxidizement  is  used, 
in  strict  propriety,  to  denote  that  combination  of  oxygen 
where  the  resulting  compound  is  not  an  acid,  but  an  oxide. 
Oxygenation  or  oxygenizement  is  a more  general  teim, 
expressing  every  combination  of  oxygen. 

Many  substances  are  capable  only  ol  oxidizement.  Thus 
the  greater  number  01  the  metals  arc  capable  ol  combining 
with  oxygen.  These  compounds  arc  generally  oxides  ; 
nor,  with  the  exception  of  two  or  three  metals,  by  any  ad- 
dition of  oxygen,  can  they  be  made  to  acquire  any  acid 
property.  Hydrogen  unites  with  oxygen  only  in  one 
proportion,  and  forms  water,  which  is  not  acid. 

There  are  other  inflammable  substances,  again,  which 
are  capable  of  combining  with  oxygen,  forming  in  one  pro- 
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portion  an  oxide,  and  in  another  an  acid.  In  general,  the 
first  degree  of  oxygenizement  forms  an  oxide,  and  this  by 
combining  with  a larger  proportion  of  oxygen  forms  an 
acid.  Thus  nitrogen,  united  with  nearly  two  parts  of 
oxygen,  forms  a substance,  which  having  no  acid  pro- 
perty, is  an  oxide  of  nitrogen,  while,  united  with  four 
parts  of  oxygen,  it  forms  an  acid  compound.  The  case  is 
the  same  with  a number  of  other  bodies.  Again,  there  are 
some  which  appear  to  form  acids  even  in  the  first  stage  of 
oxygenizement;  at  least  their  existence  in  the  state  of 
oxide  is  doubtful.  But,  in  all  those  substances  which,  by 
combining  with  oxygen  in  different  proportions,  produce 
both  oxides  and  acids,  the  oxide  is  invariably  the  product 
of  the  first  stage  of  oxygenizement,  and  the  acid  results 
from  the  addition  of  a larger  proportion  of  oxygen.  In 
some  cases,  the  same  substance  too  is  susceptible  of  differ- 
ent degrees  of  oxygenizement,  so  as  to  form  two  acids  dif- 
ferent in  their  properties  from  each  other ; the  one,  from 
the  larger  proportion  of  oxygen,  being  usually  the  most 
energetic  in  its  action. 

Mr  Davy  has  lately  advanced  the  proposition,  that  there 
is  another  principle  productive  likewise  of  acidity  differ- 
ent from  oxygen, — an  opinion  which  will  be  considered  un- 
der the  general  observations  introductory  to  the  history 
of  acids. 
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OF  WATER  AND  ITS  BASE. 

If  any  ponderable  substance  can,  from  general  reason- 
ing with  regard  to  its  powers,  be  considered  as  an  ele- 
ment, water  may  perhaps  best  claim  this  distinction.  It 
is  the  substance  which  exists  in  largest  quantity  in  nature, 
and  we  can  trace  its  agency  in  almost  all  the  transmuta- 
tions to  which  matter  is  subject.  Hence,  in  nearly  every 
system,  both  of  ancient  and  modern  philosophy,  the  ele- 
mentary nature  of  water  has  been  admitted  as  a leading 
principle. 

The  more  rigorous  researches  of  Modern  Chemistry 
have  been  supposed,  however,  to  establish  its  composi- 
tion. It  was  observed,  that  in  the  combustion  of  a pecu- 
liar species  of  inflammable  elastic  fluid,  Hydrogen  Gas  as 
it  is  now  named,  water  is  the  only  sensible  product ; and 
that  the  quantity  of  it  which  appears  is  equal  to  the  quan- 
tity of  this  inflammable  gas,  and  of  the  oxygen  gas  which 
are  consumed  in  the  combustion.  And  again,  when  sub- 
stances having  a strong  attraction  to  oxygen  are  made  to 
operate  on  water,  they  are  found  to  have  received  this 
principle  •,  a portion  of  the  water  disappears,  and  hydrogen 
gas  is  produced.  It  appeared  to  follow  from  these  facts, 
m conformity  to  the  principles  which  regulate  chemical  in- 
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Auction,  that  water  is  a compound  of  these  two  gases. 
This  conclusion  was  accordingly  received  without  reserve. 
Some  doubts  have  lately  been  suggested  with  regard  to  it, 
but  until  these  are  supported  on  better  evidence,  water 
may  be  regarded  as  a compound,  and  hydrogen  as  its 
base. 


CHAP.  I. 

OF  HYDROGEN. 

Hydrogen  exists  when  uncombined  in  the  aerial  form. 
Being  disengaged  in  var  ious  common  chemical  processes, 
and  from  its  property  of  inflammability  being  more  easily 
recognised  than  the  other  elastic  fluids,  it  was  imperfectly 
known  to  the  older  chemists.  Cavendish  first  clearly  de- 
monstrated its  distinct  existence  and  characteristic  quali- 
ties, under  the  name  of  Inflammable  Air.  It  has  received 
the  denomination  of  Hydrogen  from  being  regarded  as  tire 
base  of  water. 

It  is  always  obtained  from  water,  subjected  to  the  action 
of  substances  which  attract  oxygen.  Thus,  if  watery  va- 
pour be  passed  over  iron  at  a red  heat,  hydrogen  gas  is 
procured,  and  the  iron  becomes  oxidat  ed.  If  the  resulting 
affinity  of  an  acid  be  introduced,  its  production  is  more 
rapid,  and  takes  place  at  a natural  temperature.  This  is 
tlie  process,  therefore,  that  is  generally  followed..  One  part 
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of  iron  or  zinc  in  fragments,  is  put  into  a bottle  with  a bent 
tube  adapted  to  it,  and  two  parts  of  sulphuric  acid,  diluted 
with  five  times  its  weight  of  water,  are  poured  upon  it ; hy- 
drogen gas  is  rapidly  disengaged.  The  agency  of  the  acid 
in  promoting  the  decomposition  is  somewhat  obscure,  but, 
so  far  as  any  explanation  can  be  given,  it  may  be  classed 
as  an  example  of  what  Berthollet  names  Resulting  Affini- 
ty -,  the  acid,  the  metal,  and  the  oxygen  of  the?  water,  ex- 
erting mutual  forces  of  attraction,  which  prevail  over  the 
single  attraction  of  the  oxygen  to  the  hydrogen  : hence  the 
three  former  combine,  while  the  last  being  separated  from 
its  combination  with  the  oxygen,  assumes  the  elastic  form. 

Hydrogen  gas  is  the  lightest  of  all  the  elastic  fluids,  and 
the  lightest  substance  therefore  whose  gravity  we  can  as- 
certain. In  its  usual  state,  when  collected  over  water,  it 
is  about  10  times  lighter  than  atmospheric  air.  When 
freed  as  much  as  possible  from  the  water  it  holds  dissol- 
ved, it  is  nearly  1 3 times  lighter,  or  the  specific  gravity  of 
water  being  1000,  that  of  pure  hydrogen  is  84-.  It  is  from 
this  levity  that  it  is  employed  in  the  construction  of  bal- 
loons. When  free  from  water  it  is  inodorous,  but  when 
humid  it  has  a slight  smell. 

Inflammability  is  the  property  which,  next  to  its  great 
fafity,  eminently  distinguishes  hydrogen.  It  kindles  on 
the  approach  of  an  ignited  body  when  in  contact  with  the 
air  : if  previously  mixed  with  twice  its  volume  of  atmo- 
spheric air,  it  explodes  when  kindled  ; with  oxygen  gas  its 
explosion  is  still  more  violent.  Water  is  the  only  sensible 
product  of  its  combustion. 

Front  this  inflammability  hydrogen  gas  has  been  ap- 
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plied  to  the  purpose  of  eudiometry,  a given  volume  of  it 
being  introduced  into  the  tube,  Fig.  22.  with  a measured 
quantity  of  the  air  submitted  to  trial,  and  inflamed  by  the 
electric  spark.  The  diminution  of  volume  indicates  the 
quantity  of  oxygen  that  had  been  contained  in  the  air,  100 
measures  of  oxygen  combining  with  rather  less  than  200 
measures  of  hydrogen.  Thus,  60  measures  of  hydrogen 
gas  exploded  with  100  of  atmospheric,  leave  a residual  gaS 
equal  to  100  measures,  the  21  of  oxygen  in  this  portion  of 
air  having  combined  with  39  of  hydrogen.  Though  a eu- 
diometrical  method  of  sufficient  delicacy  from  the  great 
reduction  of  volume,  it  is  rather  troublesome  in  the  exe- 
cution, and  more  simple  methods  are  therefore  generally 
preferred. 

Hydrogen  gas  proves  fatal  to  animal  life  when  respired, 
apparently,  however,  not  by  any  positively  deleterious 
power,  but  merely  by  excluding  oxygen  : hence  it  can  be 
breathed  for  a few  inspirations  ; and  when  diluted  with  a 
portion  of  atmospheric  air,  can  be  breathed  longer  with 
safety.  It  does  not,  like  some  of  the  other  elastic  fluids, 
prove  noxious  to  vegetable  life  ; some  plants  even  absorb 
it ; and  there  are  observations  which  appear  to  prove,  that 
it  can,  to  a certain  extent,  supply  the  place  of  light  in  sup- 
porting vegetation. 

Hydrogen  gas  is  not  sensibly  absorbed  by  water,  at  least 
unless  the  water  has  been  previously  freed  from  the  atmo- 
spheric air  it  holds  dissolved  ; 100  cubic  inches  of  it  then 
take  up,  according  to  Henry’s  experiments,  1.5  of  the 
gas  ; by  applying  strong  pressure,  the  water  maybe  made 
to  absorb  one-third  of  its  volume. 
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Hydrogen  enters  into  chemical  combinations  with  other 
substances,  principally  with  those  that  are  inflammable,  as 
sulphur,  phosphorus  and  carbon  ; it  also  dissolves  some  of 
the  metals.  With  oxygen  it  forms  water,  with  nitrogen 
ammonia ; and  it  is  an  abundant  ingredient  in  the  vege- 
table and  animal  products. 

It  is  disengaged  by  some  natural  processes,  though  not 
pure.  Thus,  holding  carbon  dissolved,  it  rises  some- 
times from  stagnant  water  in  which  vegetable  matter  is  dif- 
fused ; and  in  a similar  state  of  composition  it  is  collected 
in  mines,  forming  what  has  been  named  Fire  Damp.  It 
has  been  supposed,  that  from  its  levity  it  may  be  accumu- 
lated in  the  upper  regions  of  the  atmosphere,  and  that 
some  of  the  phenomena  of  meteorology  may  be  connected 
with  its  action. 

The  recent  discoveries  in  chemistry  have  suggested 
some  interesting  speculations  with  regard  to  the  nature  of 
hydrogen, — a singular  fact  having  been  established,  which 
leads  to  the  conclusion,  that  its  base  or  gravitating  matter 
is  of  a metallic  nature.  The  substance  named  Ammonia 
is  a compound  of  hydrogen  with  nitrogen.  When  this  is 
placed  in  contact  with  quicksilver,  negatively  electrified  in 
the  galvanic  current,  the  quicksilver  increases  rapidly  in  vo- 
lume, acquires  consistence,  and  becomes  at  length  a soft 
solid*  These  are  changes  strictly  analogous  to  what  it 
would  suffer  from  the  addition  of  metallic  matter,  and 
they  can  scarcely  be  supposed  to  arise  from  any  other 
cause.  They  lead  to  the  conclusion,  therefore,  that  the 
ammonia,  in  the  decomposition  it  suffers  in  the  galvanic 
circuit,  has  yielded  metallic  matter  to  the  quicksilver ; this 
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must  be  derived  either  from  the  nitrogen  or  the  hydrogen, 
which  are  the  elements  of  the  ammonia.  Hydrogen  be- 
ing inflammable,  may  be  supposed,  with  more  probability-, 
to  be  allied  to  metals,  and  the  results  therefore  afford  some 
.ground  for  the  conclusion,  either  that  its  gravitating  mat- 
ter is  metallic,  in  other  words  that  hydrogen  is  a metal 
in  the  gaseous  form,  or  that  it  is  a metal  in  some  state  of 
combination,  perhaps  in  an  oxidated  form.  Or,  from  the 
ultimate  relation  which  appeal's  to  exist  between  hydrogen 
and  nitrogen,  both  may  be  compounds  of  the  same  metal- 
lic base. 

Mr  Davy  has  remarked,  that  even  a different  view,  ex- 
tending still  farther  the  relations  of  hydrogen,  may  be 
presented ; that  it  may  be,  as  was  formerly  maintained  in 
the  discussion  of  the  antiphlogistic  theory,  the  common 
principle  of  inflammables  and  of  metals,  forming  them, 
when  combined  with  unknown  bases,  and  thus  acting 
in  opposition  to  oxygen.  This  receives  some  support 
from  the  apparent  relations  of  those  principles  to  the  dif- 
ferent electrical  states.  “ Oxygen  is  the  only  body  which 
can  be  supposed  to  be  elementary,  attracted  by  the  posi- 
tive surface  in  the  electrical  circuit ; and  all  compound 
bodies,  the  nature  of  which  is  known,  that  are  attracted 
by  this  surface,  contain  a considerable  proportion  of  oxy- 
gen. Hydrogen  is  the  only  matter  attracted  by  the  nega- 
tive surface,  which  can  be  considered  as  acting  the  oppo- 
site part  to  oxygen  : may  not  then  the  different  inflamma- 
ble bodies,  supposed  to  be  simple,  contain  this  as  a com- 
mon clement  ?”.  But  to  these  speculations,  as  Mr  Davy 
has  justly  added,  not  much  importance  can  be  attached, 
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“ The  age  of  chemistry  is  not  yet  sufficiently  mature  for 
such  discussions;  the  more  subtle  powers  of  matter  are 
but  just  beginning  to  be  considered  ; and  all  general  views 
concerning  them  must  as  yet  rest  upon  feeble  and  imper- 
fect foundations.” 


CHAP.  II. 

OF  WATER. 

The  composition  of  water  has  been  inferred  both  from 
analysis  and  synthesis.  When  hydrogen  gas  is  burnt,  an 
operation  in  which  of  course  oxygen  is  combined  with  it, 
water  is  the  only  sensible  product ; and  when  water  is 
acted  on  by  substances  capable  of  attracting  oxygen,  these 
are  oxidated,  water  disappears,  and  hydrogen  gas  is 
evolved.  From  these  facts,  the  conclusion  was  drawn 
neax'ly  at  the  same  period  by  Cavendish  and  Watt,  that 
water  is  a compound  of  hydrogen  and  oxygen ; and  the 
experiment,  of  forming  water  by  burning  hydrogen  gas, 
was  executed  by  the  former  philosopher  on  a considerable 
scale.  It  has  since  been  often  repeated,  and  with  the  ut- 
most attention  as  to  the  proportions  and  the  accuracy  of 
the  results. 

This  was  necessary,  not  only  from  the  importance  of 
the  question  in  its  relations  to  chemical  theory,  but  also  as 
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some  circumstances  were  found  connected  with  the  experi- 
ment, which  required  to  be  elucidated.  In  particular,  it 
was  observed,  that  an,  acid  is  frequently  formed  alongst 

with  the  water  j and  some  were  disposed  to  conclude,  that 

- 

this  is  the  real  product,  and  that  the  water  is  only  ad- 
ventitious, being  the  moisture  deposited,  which  had  been 
held  dissolved  by  the  gases.  The  repetition  of  the  experi- 
ment, however,  discovered  the  origin  of  this  acid.  It  was 
found  to  be  generally  the  nitric  : this  acid  is  a compound 
of  oxygen  and  nitrogen,  and  had  therefore  been  formed 
from  nitrogen,  which  had  been  mixed  with  the  gases,  and 
from  which  indeed  it  is  difficult  to  procure  them  entirely 
free.  Sometimes  the  acid  appeared  to  be  the  carbonic, 
and  this  had  obviously  been  derived  from  a small  portion 
of  carbon  held  dissolved  by  the  hydrogen,  derived  from 
the  materials  from  which  it  had  been  obtained.  When 
these  sources  of  fallacy  are  guarded  against,  the  water 
formed  in  the  combustion  is  perfectly  pure,  and  the  weight 
of  it  amounts  exactly  to  the  weight  of  the  hydrogen  and 
oxygen  gases  consumed.  This  has  been  established  by  re- 
peated experiments,  made  on  a large  scale,  and  with  the 
greatest  care. 

The  composition  of  water  has  also  been  established  by 
analytic  experiments.  When  transmitted  over  iron  at  a 
red  heat,  the  iron  is  oxidated,  and  hydrogen  gas  is  dis- 
engaged.  And  it  has  farther  been  proved,  that  the  quan- 
tity of  hydrogen,  added  to  the  increase  of  weight  which 
the  iron  gains,  corresponds  with  the  quantity  of  water 
which  disappears. 

From  these  experiments,  synthetic  and  analytic,  the 
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proportions  of  the  tw  o gases  which  unite  to  form  water 
have  been  determined.  Excluding  fractional  parts,  which, 
from  the  nature  of  the  experiment,  cannot  be  of  any  im- 
portance, they  may  be  fixed  at  1 5 of  hydrogen  by  weight* 
and  85  of  oxygen. 

The  action  of  electricity  affords  a mode  of  resolving 
water  into  its  constituent  gases,  and  of  combining  these 
again  so  as  to  reproduce  it.  When  an  interrupted  electri- 
cal discharge,  from  a coated  jar,  is  transmitted  by  wires, 
placed  at  a short  distance,  through  a column  of  water, 
there  is  a production  of  aeriform  fluid ; and  when  from  / 
repeated  discharges  this  has  accumulated  in  sufficient 
■quantity  to  be  examined,  it  is  found  to  consist  of  oxygen 
and  hydrogen  gases  : hence,  when  the  electric  spark  is 
taken  in  it,  it  immediately  disappears  with  inflammation  ; 
the  two  gases  being  combined,  and  water  again  formed. 
The  experiment,  as  a proof  of  the  composition  of  water, 
is  so  far  satisfactory,  as  the  results  are  obtained  without 
the  intervention  of  any  other  ponderable  matter. 

Lastly,  the  action  of  electricity,  in  the  form  of  galva- 
nism, has  afforded  similar  results,  connected  also  however 
with  peculiar  phenomena,  which  require  to  be  stated 
more  particularly,  as  it  is  from  them  that  doubts  have 
been  suggested,  whether  the  theory  with  regard  to  the 
composition  of  water  is  just. 

If  in  a quantity  of  water  in  a glass  tube  a wire  connect- 
ed with  the  positive  side  of  a galvanic  battery,  and  an- 
other wire  from  the  negative  side  be  inserted,  employing 
metals  which  arc  not  susceptible  of  oxidation,  as  gold  or 
platina,  and  bringing  the  extremities  of  the  wires  to  the 
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distance  of  about  half  an  inch  from  each  other,  a stream 
of  gas  immediately  arises  from  each,  and  this  continues 
while  the  galvanic  action  is  kept  up,  until,  by  the  accumu- 
lation of  elastic  fluid,  the  water  is  depressed  beneath  the 
extremity  of  the  upper  wire.  When  this  aerial  fluid  is 
examined,  it  is  found  to  consist  of  oxygen  and  hydrogen, 
in  the  proportions  which  form  water,  and  by  transmitting 
the  galvanic  spark  through  it,  it  is  again  converted  into 
water. 

In  this  experiment  is  .presented  a phenomenon  which 
appears  at  first  view  singular.  If  the  evolution  of  elastic 
fluid  arise  from  the  decomposition  of  water,  it  might  be 
expected  that  the  elements  must  be  evolved  together,  and 
•that  of  course  a stream  of  oxygen  and  of  hydrogen  gases 
shall  arise  from  each  wire.  On  making  the  experiment, 
however,  so  that  the  gas  from  the  wires  shall  be  obtained 
separate,  as  is  easily  done  by  inserting  each  in  a sepa- 
rate tube,  either  placed  in  the  same  vessel  of  water,  as 
represented  Fig.  25.  or  even  connected  only  by  a humid 
conductor,  or  by  the  interposition  of  certain  liquids,  it  is 
found,  that  the  gas  from  the  one  wire,  that  connected 
with  the  positive  side  of  the  galvanic  battery,  is  oxygen, 
■that  from  the  other  or  negative  side  is  hydrogen,  and 
•each  is  perfectly  pure,  if  care  has  been  taken  to  free  the  wa- 
ter lrom  the  atmospheric  air  it  holds  dissolved.  The  ele- 
ments ol  the  water  are  evolved  therefore  at  separate,  and 
even  at  distant  points ; and  the  question  that  obviously 
presents  itself  is,  what  becomes  of  the  oxygen  at  the  wire 
•where  the  hydrogen  is  evolved,  and  what  becomes  of  the 
(hydrogen  where  the  oxygen  is  given  out  ? 
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To  solve  this  question,  various  hypotheses  were  pro- 
posed. It  was  supposed  that  water,  in  common  with 
other  compounds,  is  capable  of  combining  with  an  excess 
of  either  of  its  ingredients,  and  that  in  this  experiment  it 
may  remain  witli  such  an  excess  at  each  wire,  with  an  ex- 
cess of  hydrogen  at  the  wire  where  oxygen  is  evolved,  and 
with  an  excess  of  oxygen  at  the  wire  where  hydrogen  is 
disengaged, — an  hypothesis  liable  to  the  obvious  objection, 
that  when  the  portions  of  water  are  in  separate  vessels, 
connected  only  by  a humid  conductor,  this  must  have  a 
limit,  and  that  the  properties  of  the  water,  from  such 
changes  of  composition,  must  soon  suffer  important  chan- 
ges. By  other  chemists,  it  was  imagined,  that  the  prin- 
ciples of  the  decomposed  water  are  conveyed  by  the  gal- 
vanic influence  to  these  distant  points.  How  this  was 
accomplished,  was  never,  however,  very  well  explained ; 
and  the  improbable  hypothesis  was  even  advanced,  that  it 
might  be  by  the  direct  combination  of  the  principle  of 
galvanism  either  with  oxygen  or  hydrogen.  Mr  Davy  at 
length  shewed,  that  this  is  merely  a case  of  the  general 
law  by  which  the  decompositions  from  galvanic  influence 
are  produced ; that  certain  substances  are,  from  their  pe- 
culiar relations  to  electricity,  attracted  to  the  positive,  and 
repelled  from  the  negative  pole  of  a galvanic  series,  while 
others  arc  attracted  to  the  negative,  and  repelled  from  the 
positive  pole ; oxygen  and  acids  belonging  to  the  former 
class,  hydrogen,  and  in  general  inflammable  substances, 
as  well  as  alkalis  and  earths,  belonging  to  the  latter. 
When  water,  therefore,  is  submitted  to  the  action  of  gal- 
vanism, the  oxygen  of  a portion  of  it  is,  in  conformity  to 
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this  law,  attracted  to  the  positive  side,  and  the  hydrogen 
is  repelled : the  reverse  of  this  happens  at  the  negative 
side,  the  hydrogen  is  attracted,  and  the  oxygen  repelled  j 
the  decomposition  of  the  water  is  therefore  the  result,  each 
of  its  elements  is  brought  to  the  wire  in  connection  with 
that  side  of  the  galvanic  series  to  which  it  is  attracted,  and 
as  it  cannot  enter  the  wire,  it  there  assumes  the  elastic 
form.  The  evidence  on  which  this  law  rests,  has  been  al- 
ready stated,  and  it  affords  a sufficient  explanation  of  this 
phenomenon. 

Some  chemists,  however,  have  proposed  a theoretical 
view  of  this  subject  altogether  different.  It  has  been  re- 
marked, that  water  may  not  be  a compound,  but  a simple 
body  assuming  the  forms  of  oxygen  and  of  hydrogen  ac- 
cording to  its  electrical  states.  When  rendered  positively 
electrical,  it  will  form  hydrogen  gas  ; when  in  the  opposite 
or  negative  state,  it  will  constitute  oxygen  ; and  when 
brought  within  the  sphere  of  action  in  these  forms,  the 
two  electrical  states  will  be  subverted,  the  equilibrium 
established,  and  water  will  be  reproduced. 

It  is  difficult  to  prove  the  impossibility  of  an  hypothesis  of 
this  nature,  but  it  forms  perhaps  a sufficient  objection  to  it, 
that  it  has  nothing  peculiar  for  its  support.  Were  water 
the  only  substance  suffering  such  changes  when  submitted 
to  galvanic  action,  this  would  afford  some  grounds  for  such 
a conclusion ; but  all  compound  substances  suffer  changes 
equally  important ; they  appear  under  the  form  of  new 
substances,  or  are  converted  into  what  we  regard  as  their 
constituent  principles.  To  consider  these  principles  as 
the  compound  in  different  clectvicul  states,  wrould  be  an 
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extension  of  the  theory  extravagant  and  absurd,  yet  there  is 
no  reason  why  it  should  be  limited  to  water,  since  there  is 
frothing  peculiar  in  its  apparent  production  or  decomposi- 
tion. Its  conversion  into  oxygen  and  hydrogen,  by  the 
action  of  galvanism,  is  exactly  similar  to  the  conversion  of 
sulphate  of  potash  into  sulphuric  acid  and  potash . by  the 
same  action  : the  conclusion,  that  the  water  is  a compound 
of  these  principles,  rests  precisely  on  the  same  grounds  as 
the  conclusion  that  the  compound  salt  consists  of  the  acid 
and  the  potash,  and  both  rest  on  evidence  as  direct  as  can 
be  adduced  in  support  of  any  chemical  fact  *. 


* Ritter,  by  Whom  this  theory  of  water,  being  a simple  sub* 
stance  appearing  uuder  the  forms  of  oxygen  and  hydrogen,  ac- 
cording to  its  electrical  states,  was  maintained,  has  stated,  that 
when  a wire  attached  to  the  positive  side  of  a galvanic  bat- 
tery is  placed  in  water  in  a tube,  and  a wire  fiom  the  nega- 
tive side  is  placed  in  another  portion  of  water  in  another 
tube,  and  when  these  are  connected,  not  by  placing  them  in 
a vessel  of  water,  but  in  separate  vessels  connected  by  a 
metallic  wire,  the  usual  phenomena  are  produced,  and  the 
oxygen  is  evolved  at  one  wire,  the  hydrogen  at  the  other. 
Now,  although  it  may  be  supposed,  that  particles  ot  oxy- 
gen and  hydrogen  may  be  conveyed  to  distant  points  by  power- 
ful attracting  or  repelling  forces  through  water,  it  can  scarcely 
be  conceived,  that  they  shall  be  capable  of  being  conveyed  thro’ 
thb  wire  of  metal,  which  in  this  experiment  forms  the  medium 
of  connection  between  the  two  portions  of  water  ; and  hence  the 
result,  Ritter  concludes,  establishes  the  conclusion,  that  the  com- 
munication merely  of  positive  and  negative  electricity  to  water 
(the  metallic  wire  in  this  case  completing  the  circuit)  causes  it 
to  assume  these  forms.  Were  the  fact  as  it  is  staled,  the  conclu- 
sion would  perhaps  follow.  I have  found,  however,  on  making 
the  experiment,  that  it  is  a mere  deception.  Ibe  connecting 
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It  was  at  one  time  supposed,  that  in  the  decomposition 
of  water  by  galvanism,  there  is  a formation  of  new  pro- 
ducts : a portion  of  acid  frequently  was  observed  to  be 
formed  at  the  positive  wire,  and  of  alkali  at  the  negative 
wire.  The  origin  of  these,  however,  has  been  sufficiently 
traced.  They  are  in  general  derived  from  the  small  por- 
tion of  saline  matter  which  water  holds  dissolved,  and 
from  which  it  is  not  even  perfectly  freed  by  one  dis- 
tillation, the  acid  of  which  is  attracted  to  the  one  wire, 
the  base  to  the  other ; and  as  these  attractive  powers  are 
so  strong,  the  most  minute  quantities  are  rendered  sensi- 
ble. From  the  same  circumstance,  even  the  containing 
vessel  is  sometimes  acted  on ; and  the  atmospheric  air, 
held  dissolved  by  water,  has  some  influence,  its  nitrogen, 


u-ire  becomes  a galvanic  one,  and  its  two  extremities  becoming 
electrical,  by  what  electricians  have  denominated  position  or  in- 
duction, are  instates  of  electricity  the  reverse  of  the  galvanic  wires 
in  the  tubes;  and  hence  oxygen  and  hydrogen  are  evolved  at  their 
extremities,  corresponding  with  the  hydrogen  and  oxvgen  evolved 
at  the  others  ; the  extremity  of  the  connecting  wire,  for  example, 
in  the  tube  in  which  the  positive  galvanic  wire  is  inserted,  being 
negative,  and  giving-  out  hydrogen,  corresponding  to  the  oxygen 
which  appears  at  that  wire,  and  its  other  extremity  in  the  tube 
in  which  the  negative  wire  is  inserted  behig  positive,  and  there- 
fore giving  off  oxygen,  corresponding  to  the  hydrogen  which  ap- 
pears at  that  wire.  The  effect,  1 have  farther  found,  is  exactly 
the.  same  in  the  decomposition  of  a compound  salt,  acid  being  col- 
lected nt  the  extremity  of  the  positive  galvanic  wire,  and  alkali 
at  the  extremity  of  the  negative  galvanic  wire  in  the  different 
tubes,  but  the  corresponding  portions  of  alkali  and  acid  appearing 
at  the  same  time  at  the  extremities  of  the  connecting  wir*. 
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by  combining  with  the  nascent  oxygen  at  the  positive 
pole,  forming  nitric  acid,  and  combining  in  like  manner 
with  the  nascent  hydrogen  at  the  negative  pole,  and  form- 
ing ammonia.  But  when  these  sources  of  fallacy  are 
avoided,  the  water,  Mr  Davy  has  shewn,  remains  pure  to 
the  end  of  the  experiment,  and  is  resolved  into  oxygen 
and  hydrogen  alone. 

Water,  as  a chemical  agent,  has  qualities  extremely  pe- 
culiar. It  affords  the  example  of  an  inflammable  bas*c 
saturated  with  oxygen,  forming  a product  which  has  no 
acidity.  Besides  this,  though  its  affinities  are  extremely 
numerous,  they  are  seldom  energetic ; and  hence  in  gene- 
ral it  combines  with  bodies,  without  materially  changing 
their  qualities,  and  by  communicating  fluidity  to  solids, 
without  modifying  much  their  chemical  relations,  favours 
their  mutual  actions. 

It  is  tasteless,  colourless,  and  inodorous.  It  passes  to 
the  solid  state  at  32°  of  Fahrenheit,  and  in  doing  so 
crystallizes,  spiculae  shooting  out  at  a certain  angle,  and 
of  a prismatic  form : by  the  continuance  of  the  congela- 
tion, the  vacuities  are  filled  up,  but  the  mass  remains 
transparent,  and  is  hard  and  brittle.  In  congealing,  there 
is,  as  Inis  been  already  stated,  an  enlargement  of  volume, 
and  this  expansion  even  takes  place  previous  to  the  con- 
gelation, during  the  reduction  of  temperature,  for  six  or 
eight  degrees,  the  greatest  density  of  water  being  about 
40°.  In  the  act  of  freezing,  too,  the  greater  part  of  the 
air  which  the  water  holds  loosely  dissolved  is  expelled. 

Water  passes  into  vapour  when  exposed  to  the  atmos- 
phere at  any  natural  temperature,  and  even  ice  evapo- 
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rates,  as  is  proved  by  its  losing  weight  when  suspended  in 
the  air.  The  transition  into  vapour  is  promoted  by  heat ; 
at  212°,  under  a medium  atmospheric  pressure,  water 
boils.  Its  vapour  at  this  temperature  is  permanent,  trans- 
parent, and  invisible  ; when  condensing,  it  becomes, 
from  the  approximation  of  the  particles,  opaque.  It  occu- 
pies 1800  times  the  space  which  it  fills  when  in  the  state 
of  water,  and  has  a specific  gravity  to  that  of  atmospheric 
air  at  the  same  temperature  as  1 0 to  14.  It  exerts  a great 
degree  of  elastic  power,  and  its  elasticity  increases  in  a 
high  ratio  by  elevation  of  temperature. 

\V  ater  absorbs  the  aerial  fluids,  but  in  quantities  very 
different,  according  to  the  force  of  attraction  which  it  exerts 
towards  them.  Of  some  of  the  acid  gases,  it  absorbs 
many  times  its  own  volume ; of  others  the  quantity  is  so 
inconsiderable  as  not  to  be  very  perceptible,  unless  ascer- 
tained by  an  apparatus  adapted  to  shew  the  result.  The 
quantities  absorbed  are  greater  as  the  temperature  is  low, 
down  to  freezing,  when  the  cohesion  of  the  solid,  weaken- 
ing the  affinity,  the  aerial  matter  is  expelled.  They  are 
also  augmented  by  pressure,  and,  according  to  a very  sim- 
ple law  stated  by  Dr  Henry,  as  the  result  of  his  researches 
on  this  subject,  “ Water  takes  up  in  all  cases,  under  equal 
circumstances  ol  temperature,  the  same  volume  of  con- 
densed gas,  as  ol  gas  under  ordinary  pressure.”  To 
whatever  degree  ot  density,  therefore,  the  elastic  fluid  is 
brought  by  pressure,  the  same  volume  of  it  is  still  absorb- 
ed; and  hence,  by  increasing  pressure,  a large  quantity  of 
the  solid  or  gravitating  matter  of  the  gas  may  be  forced 
into  the  water.  It  is  singular,  that  water  thus  impreg- 
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nated  by  pressure  with  large  quantities  of  the  gases,  which, 
under  the  mere  pressure  of  the  atmosphere  it  absorbs- 
sparingly,  does  not  suffer  much  change  in  its -qualities. 

This  absorption  of  gases  by  water,  so  far  at  least  as  re- 
gards those  which  require  pressure  to  cause  their  absorp- 
tion in  any  sensible  quantity,  has  been  supposed  by  Mr 
Dalton  to  be  a mere  mechanical  effect,  the  gas  being 
forced  as  it  were  into  the  interstices  of  the  water  by  the 
pressure  applied.  It  is  rather  to  be  regarded,  however,  as 
arising  primarily  from  the  affinity  exerted  by  the  water  to 
the  particles  of  the  aeriform  fluid.  This  is  counteracted  by 
the  elasticity  of  the  gas,  and  not  being  strong  it  cannot  o- 
perate  with  much  effect.  Pressure  counteracts  this  elastici- 
ty, hence  lessens  the  resistance  opposed  to  the  combina- 
tion, and,  operating  like  reduction  of  temperature,  causes 
a larger  quantity  to  be  absorbed.  We  accordingly  find, 
that  in  those  cases  where  the  exertion  of  an  affinity  by  the 
water  to  the  gravitating  particles  of  the  gas  is  undoubted, 
as  in  the  example  of  muriatic  acid  gas,  pressure  is  equally  ef- 
fectual in  promoting  the  absorption  : and  also  what  is  in 
conformity  to  this  view,  that  even  in  those  gases  the  ab- 
sorption of  which  is  inconsiderable,  the  quantities  absorb- 
ed are  different  under  the  same  pressure, — a difference 
which  can  only  be  ascribed  to  the  different  forces  of  affi- 
nity exerted  to  them  by  the  water. 

There  are  some  important  facts  with  regard  to  the  rela- 
tions of  water  to  the  aerial  fluids  in  their  absorption. 
Thus,  from  the  affinities  it  exerts  to  all  of  them,  however 
weak,  if  it  be  agitated  with  a mixture  of  two  or  more  ga- 
ses, portions  of  both  will  always  be  absorbed,  the  same  as- 
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if  they  were  presented  to  it  separately  in  their  proper  den- 
sity ; the  quantity  therefore  being  greatest  of  that  which 
•separately  is  most  largely  absorbed  by  water.  Or,  if  wa- 
ter has  been  previously  impregnated  with  one  gas,  on  agi- 
tating it  with  another,  a portion  of  the  latter  will  be  ab- 
sorbed, and  a portion  of  the  former  displaced.  Hence,  as 
water  usually  contains  a portion  of  atmospheric  air,  in  ex- 
posing  any  gas  to  an  extensive  surface  of  it,  and  still  more 
in  agitating  any  gas  with  it,  while  a quantity  of  this  is  ab- 
sorbed, a portion  of  the  air  the  water  holds  dissolved  will 
be  separated,  and  added  to  the  residual  gas,  whence  fre- 
quently sources  of  error  have  arisen  in  chemical  experi- 
ment ; oxygen  gas,  for  example,  if  kept  in  ajar  surround- 
ed with  water  exposed  to  the  air,  will  soon  have  an  inter- 
mixture of  atmospheric  air  •,  and  indeed  all  gases  long  ex- 
posed in  this  manner  have  a similar  intermixture  from  the 
water  yielding  its  air. 

Water  which  has  been  exposed  to  the  atmosphere  al- 
ways contains  portions  of  both  of  its  constituent  gases  ; 
but  the  oxygen  appears  to  be  absorbed  in  preference  to  the 
nitrogen,  and  in  larger  quantity.  Hence  by  agitating  at- 
mospheric air  with  a large  portion  of  water,  or  passing  it. 
repeatedly  through  a column  of  water,  the  greater  part  of 
its  oxygen  is  abstracted.  The  presence  of  oxygen  loosely 
combined  in  water,  is  usually  shewn  by  the  test  of  sulphate 
of  iron  ; the  oxide  of  iron  which  is  the  base  of  this  salt,  at- 
tracting this  portion  of  loose  oxygen,  whence  becoming  in- 
soluble, it  is  precipitated,  and  forms  a yellow  sediment : 
this  precipitation  seems  also,  however,  to  be  in' part  owing 
to  the  decomposition  of  the  salt  by  the  affinity  of  the  wo- 
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ter  to  its  acid,  aided  by  its  quantity.  Tlie  portion  of  air 
held  dissolved  by  water  is  expelled  with  difficulty.  It  is  hi 
part  removed  by  removing  the  atmospheric  pressure  by  the 
air-pump,  by  strong  boiling,  and  by  freezing,  but  part  of 
it  is  still  retained.  It  is  rather  singular  too  that  the  nitro- 
gen appeal’s  to  be  retained  with  greatest  force.  If,  through 
water  freed  as  much  as  possible  from  air  by  boiling,  and 
by  the  air-pump,  an  electrical  discharge  be  transmitted,  a 
small  portion  of  nitrogen  is  disengaged,  along  with  the 
oxygen  and  hydrogen  evolved  from  the  decomposition  of 
water,  as  Dr  Pearson  found  in  his  experiments.  And  in. 
freezing  water  which  had  been  previously  freed  as  much  as 
possible  from  air  by  boiling,  the  air  disengaged  is,  accord- 
ing to  the  experiments  of  Priestley,  nitrogen,  especially 
when  the  freezing  of  the  same  portion  of  water  has  been 
repeatedly  performed.  Ritter,  on  the  contrary,  has  infer- 
red from  some  experiments,  that  the  air  disengaged  in  the 
freezing  of  water  is  oxygen,  evolved  from  decomposi- 
tion, and  that  ice  has  therefore  an  excess  of  hydrogen.  Mr 
Davy  has  more  lately  found,  that  this  air  is  atmospheric 
air,  and  that  the  production  of  it  does  not  take  place  in 
the  unlimited  manner  which  had  been  represented  by 
Priestley,  but  ceases  after  the  freezing  has  been  repeated 
three  or  four  times.  Water  melted  from  snow  with  the 
exclusion  of  the  atmosphere,  appears  to  be  nearly  free  from 
air.  Rain  water,  and  especially  dew,  have,  on  the  con- 
trary, been  supposed  to  be  saturated  with  air.  Spring  wa- 
fer, besides  the  atmospheric  air  it  holds  dissolved,  contain** 

% portion  of  carbonic  acid. 

Water  is  contained  in  all  the  elastic  fluids,  derived  ei- 
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the r from  the  materials  from  which  they  have  been  extri- 
cated, or  that  through  which  they  have  been  transmitted. 
It  exists  in  them  in  the  state  of  vapour,  probably  weakly 
combined,  and  is  capable  of  being  condensed,  in  part  at 
least,  by  cold,  and  of  being  abstracted  by  substances  exert- 
ing an  attraction  to  it,  as  by  sulphuric  acid  or  lime.  But 
even  when  abstracted  as  much  as  possible  by  the  action  of 
these  substances,  it  has  been  supposed  that  a portion  is  re- 
tained by  a stronger  force  ; and  there  are  facts  which  ap- 
pear to  prove,  that  in  some  gases  at  least,  the  quantity  of 
this  is  considerable,  and  is  essential  even  to  their  existence 
in  the  aeriform  state.  This  is  a question  at  present  of 
much  interest,  but  not  easily  determined. 

A singular  fact,  from  which  this  conclusion  with  regard 
to  the  existence  of  combined  water  in  aerial  fluids  has 
been  drawn,  is,  that  in  compounds  in  which  these  gases  ex- 
ist in  a dry  state,  the  gas  cannot  be  disengaged  by  heat 
unless  water  be  supplied.  This  is  the  case  with  the  native 
carbonate  of  barytes  or  of  lime;  and  from  the  former,  even 
the  carbonic  acid  is  very  imperfectly  disengaged  by  an  acid, 
unless  it  be  diluted  with  water.  From  both  facts  it  has 
been  inferred,  that  water  is  essential  to  the  constitution  of 
carbonic  acid  gas, — an  inference  which  may  be  just  to  a 
certain  extent,  though  it  is  also  possible  that  the  operation 
of  the  water  may  be  not  altogether  on  the  gas,  but  on  the 
base  with  which  it  is  combined,' favouring  its  disengage- 
ment by  the  attraction  it  exerts  to  that  base. 

Another  fact  in  favour  of  the  same  conclusion  is  the 
disengagement  of  hydrogen  from  certain  gases,  when  they 
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are  submitted  to  the  action  of  the  electric  spark,  after 
they  have  been  rendered  as  dry  as  possible.  In  some  of 
these  experiments,  indeed,  those  where  the  carburetted 
hydrogen  gases  were  operated  on,  it  now  appears  that  the 
fact  had  not  been  accurately  observed,  the  phenomena 
whence  the  evolution  of  hydrogen  had  been  inferred  being 
owing  to  the  decomposition  of  the  gas  itself  ; but  there  are 
others  free  from  this  ambiguity,  muriatic  acid  gas,  for  ex- 
ample, affording  about--^  of  its  volume  of  hydrogen  gas, 
on  being  submitted  to  the  action  of  the  electric  spark,  af- 
ter it  has  been  exposed  to  muriate  of  lime  to  abstract  its 
water. 

The  facts  more  recently  established,  with  regard  to  the 
relation  of  muriatic  acid  to  water,  appear  to  prove  still 
more  clearly  the  necessity  of  Water  to  its  existence  in.  the 
gaseous  form.  Thus  Gay  Lussac  and  Davy  found,  that 
this  acid  could  not  be  disengaged  from  its  combinations 
by  a dry  acid  with  the  aid  of  heat,  from  muriate  of  lime 
for- example,  by  phosphoric  or  boracic  acid,  while  if  wa- 
ter were  added,  it  was  disengaged  in  large  quantity.  The 
gas  itself  too,  rendered  as  dry  as  possible,  on  being  submit- 
ted to  the  action  of  potassium,  afforded  hydrogen  in  such 
quantity,  that  Mr  Davy  inferred,  first,  that  it  must  con- 
tain at  least  one-tenth  of  its  weight  of  water,  and  after- 
wards that  the  quantity  must  amount  even  to  one-third  of 
its  weight.  These  latter  facts  may  indeed  admit  of  a dif- 
ferent explanation  on  the  new  theory  which  Mr  Davy  has 
given  of  the  constitution  of  muriatic  acid  ; but  that  theory  • 
oan  scarcely  be  regarded  as  established  ; and  the  lacts  are 
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OR  the  whole  favourable  to  the  conclusion,  that  in  gases, 
and  particularly  in  those  the  gravitating  matter  of  which 
has  a strong  attraction  to  water,  a considerable  portion  of 
this  fluid  exists,  and  is  necessary  to  their  transition  to  this 
state.  The  still  more  singular  fact  appears  even  to.  be  . 
established,  that  it  is  necessary  to  the  development  of  their 
acid  powers.  This,  however,  will  form  a subject  of  con- 
sideration under  the  history  of  muriatic  acid. 

Water  is  the  general  solvent  of  saline  substances,  and  in 
those  of  them  which  crystallize,  it  is  always  retained,  form-* 
ing  a part  of  the  substance  of  the  crystal.  It  is  capable  of 
dissolving  the  earths,  some  of  them  in  considerable  quanti- 
ty, particularly  barytes  and  stroittites  ; the  others  more  spa- 
ringly. Even  those  earths  and  stones  which  it  cannot  dis- 
solve, it  wears  away  and  reduces  to  a state  of  extreme  di- 
vision, partly  by  attrition,  and  partly  by  its  chemical 
powers.  Hence  it  acts  even  on  glass,  especially  when  aid- 
ed by  a high  temperature, — a fact  which  at  one  time  gave 
rise  to  the  opinion  that  it  is  convertible  into  earth,  a por- 
tion of  earth  being  always  left  when  it  is  distilled  from 
glass  vessels. 

W ater,  though  incapable  of  combining  with  the  metals, 
cxcits  a chemical  action  upon  them,  affording  to  several  of 
them  oxygen  at  the  temperature  of  ignition ; and  at  a na- 
tural temperature,  aided  by  atmospheric  air,  oxidating  or 
corroding  others.  At  a high  temperature- it  is  decompo- 
sed by  charcoal  and  sulphur,  which  receive  from  ito'xygeu. 

Water  is  a solvent  of  many  other  substances.  Few  of 
the  animal  or  vegetable  products  are  insoluble  in  it,  and  all 
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of  them  are  affected  by  it  as  a chemical  agent,  receiving 
from  it  oxygen,  or  the  re-action  of  their  constituent  prin- 
ciples being  promoted  by  the  fluidity  it  communicates,  so 
as  to  give  rise  to  spontaneous  decomposition. 

From  the  extensive  solvent  power  of  water,  it  is  scarce- 
ly ever  met  with  pure  in  nature.  Every  kind  of  spring  or 
river  water  is  impregnated  with  saline  and  earthy  bodies 
of  different  kinds.  Spring  water  contains,  according  to 
Bergman,  carbonate  of  lime,  muriate  of  lime,  and  muriate 
of  soda  •,  river  water  contains  carbonate  of  lime,  muriate 
of  soda,  and  each  of  these  also  sometimes  a little  alkali. 
Well-water,  besides  these,  contains  always  a portion  of 
sulphate  of  lime,  the  presence  of  which  is  the  cause  of  the 
quality  in  waters  termed  Hardness . Rain  or  snow  water 
is  freer  from  these  foreign  substances,  but  is  not  perfectly 
pure,  as  it  affords  a trace  of  muriate  of  soda  and  muriate 
of  lime.  Water  is  freed  from  these  substances  by  distilla- 
tion ; and  for  any  chemical  process  in  which  accuracy  is 
requisite,  distilled  water  must  be  used. 
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BOOK  III. 

OF  ALKALIS  AND  THEIR  BASES. 

1 hree  substances  possessed  of  certain  common  proper- 
ties have  been  long  classed  together  by  the  chemists,  un- 
del  the  name  of  Alaalis.  T hey  are  soluble  in  water ; 
their  taste  is  acrid  ; and  when  applied  to  animal  matter, 
they  erode  or  dissolve  it ; they  change  the  blue  and  pur- 
ple colours  of  vegetables  to  a green,  the  yellow  they  change 
to  a brown ; they  combine  with  oils  and  fats,  forming 
soaps;  and  they  unite  with  the  substances  which  belong  to 

to 

another  class,  the  acids,  neutralizing  their  characteristic 
properties,  so  that  in  the  compound  which  is  formed, 
when  the  due  proportion  is  observed,  the  presence  of  the 
acid  or  of  the  alkali  cannot,  from  any  remaining  property 
of  either  of  them,  be  recognised.  The  three  alkalis  are 
named  Ammonia,  Soda,  and  Potash,  (or  what,  for  simil- 
arity of  termination,  would  be  preferable,  Potassa.)  The 
hist  existing  when  uncombined  in  the  aerial  form,  and 
being  even  when  combined  with  water  easily  volatilized, 
lias  been  named  Volatile  Alkali ; the  other  two,  though 
they  arc  volatilized  at  a red  heat,  yet  still  having  compnri- 
tive  fixity,  are  denominated  Fixed  Alkalis. 

The  most  important  and  characteristic  property  of  die 
alkalis  is  that  displayed  in  their  relations  to  the  acids, 


320 


OF  ALKALIS 


their  combining  with  them,  and  forming  compounds  in 
which  the  peculiar  acid  powers  are  neutralized.  But  the 
same  property  is  possessed  by  another  order  of  chemical 
agents,  the  Earths ; and  several  of  these  approach  even 
more  closely  to  the  alkalis,  being  soluble  in  water,  acrid 
and  caustic,  combining  with  oils,  and  changing  the  vege- 
table colours  to  a green.  In  the  leading  property  com- 
mon to  both,  the  analogy  is  even  still  farther  extended, 
for  the  compounds  of  the  metals  with  oxygen,  the  Metal- 
lic Oxides  as  they  are  named,  are  equally  capable  of  com- 
bining with  the  acids,  and  of  neutralizing  the  acid  powers. 
Thus,  the  whole  are  connected  into  one  series  ; and  though 
the  alkalis,  earths,  and  metallic  oxides  maybe  distinguish- 
ed as  subordinate  orders,  by  some  peculiar  characters, 
they  are  still  in  their  most  important  chemical  relations 
strictly  connected,  and  the  transition  is  nearly  uninterrupt- 
ed, from  the  substance  placed  at  the  commencement  of 
the  one  division,  through  those  belonging  to  the  others. 

This  analogy  has  been  rendered  perfect  by  the  splendid 
modern  discovery,  that  the  alkalis  and  earths  are  com- 
pounds of  a basis  of  a metallic  nature  with  oxygen  ; that 
under  this  point  of  view,  therefore,  they  are  actually  me- 
tallic oxides.  The  earths  resembling  the  more'  common 
metallic  oxides  in  many  of  their  properties,  had  fre- 
quently been  supposed  to  be  metallic.  The  same  suppo- 
sition, however,  had  scarcely  ever  been  extended  to  the 
alkalis,  partly  from  the  circumstance,  that  in  their  proper- 
ties they  are  more  remote  from  the  oxides  of  the  metals, 
and  partly  from  the  composition  of  ammonia  having  been  dis- 
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covered,  and  having  apparently  no  relation  to  metallic 
matter,  its  elements  being  hydrogen  and  nitrogen. 

At  length,  Mr  Davy  led  by  the  knowledge  of  the  law 
which  regulates  the  chemical  decompositions  produced  by 
galvanism, — that  oxygen  is  attracted  to  the  one  galvanic 
pole,  inflammable  and  metallic  matter  to  the  other,  with 
a force  proportioned  to  the  strength  of  the  galvanic  bat- 
tery, and  that,  therefore,  compounds  of  these,  acted  on  by 
galvanism,  are  decomposed  and  their  elements  separated, 
submitted  potash  and  soda  to  the  action  of  a powerful 
galvanic  battery.  Their  decomposition  was  effected  ; then- 
bases,  substances  before  altogether  unknown,  but  of  a 
very  peculiar  nature,  may  be  regarded  as  metallic,  and 
these  bases  are  combined  with  oxygen.  Mr  Davy  farther 
submitted  the  earths  to  the  same  powerful  instrument  of 
analysis  -,  and  though  their  decomposition  has  been  rather 
less  perfect,  it  has  been  sufficiently  so  to  demonstrate 
that  they  also  consist  of  metallic  bases  in  an  oxidated  state. 
Ammonia  alone  remained  insulated,  until  the  Swedish 
Chemists,  Berzelius  and  Pontin,  made  the  interesting  dis- 
covery, that  it,  too,  when  placed  in  the  galvanic  circuit, 
under  peculiar  arrangements,  affords  from  its  decomposi- 
tion metallic  matter.  And  thus  the  analogy  has  been  ex- 
tended through  the  whole  substances  belonging  to  the 
two  orders,  and  from  them  to  the  oxides  of  the  metals, 
proving  that  all  are  of  similar  chemical  constitution. 

7hese  conclusions  have  not,  however,  been  implicitly 
received.  Gay  Lussac  and  Thenard  have  explained  the 
results  on  a different  theory,  that  the  new  metallic  sub- 
stances are  compounds  of  the  alkalis  and  earths  with  hy- 
Vcm.  I.  x 
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dron'en,  and  that  it  is  therefore  the  communication  of  thk 

O 7 

element,  not  the  abstraction  of  oxygen,  which  takes  place 
in  their  production. 

Though  the  alkalis,  earths,  and  metallic  oxides  have 
been  connected  by  these  discoveries,  there  still  remain, 
perhaps,  sufficient  reasons  to  arrange  them  as  distinct  or- 
ders ; and  in  the  present  state  of  chemistry,  it  is  even  ne- 
cessary that  this  arrangement  should  be  adhered  to.  The 
bases  of  the  alkalis  and  the  earths,  though  they  may  be 
regarded  as  metallic,  are  very  different  from  the  common 
metals,  both  in  their  physical  and  chemical  properties  -,  and 
except  in  the  leading  character  of  combining  with  the 
acids,  the  alkalis  are  very  different  in  their  qualities  from 
the  metallic  oxides,  and  are  much  more  active  in  their 
chemical  relations.  The  earths  approach  nearer  to  the 
metallic  oxides,  and  form  the  series  intermediate  between 
them  and  the  alkalis. 

Several  of  the  earths,  particularly  barytes  and  strontites, 
approach  so  nearly  to  the  alkalis  in  their  properties,  that 
it  has  been  proposed  to  transfer  them  to  this  class.  They 
are  still,  however,  on  the  whole,  more  strictly  connected 
with  the  other  earths  : if  the  entire  series  is  to  be  subdi- 
vided into  two  orders,  it  could  not  be  done  with  more 
propriety,  than  in  conformity  to  those  already  established j 
and  the  alkalis  may  be  regarded  as  associated  and  distin- 
guished by  their  mucn  greater  solubility  in  water,  and 
affinity  for  it ; by  their  solubility  in  alkohol  *,  by  then- 
greater  fusibility  and  volatility,  and  in  general  b)  their 
greater  activity  as  chemical  agents. 
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CHAR  I. 

OF  AMMONIA  AND  ITS  BASE. 

1 his  alkali,  obtained  by  indirect  processes,  was  known 
to  the  older  chemists  only  in  its  combination  with  water, 
forming  the  liquid  which,  from  its  volatility  compared 
with  the  other  alkalis,  was  denominated  Volatile  Alkali. 
Hr  Priestley  first  shewed,  that  a permanently  elastic  fluid 
can  be  procured  from  it  by  a moderate  heat,  and  that  this 
is  the  alkali  in  its  pure  form. 

In  the  progress  of  pneumatic  chemistry,  several  facts 
were  observed,  proving  the  composition  of  ammonia. 
Priestley  found,  that  on  taking  the  electric  spark  in  it,  or  on 
transmitting  it  through  an  ignited  earthen  tube,  the  vo- 
lume was  much  enlarged,  and  its  properties  were  entirely 
changed ; it  was  no  longer  absorbed  by  water,  and  was 
highly  inflammable.  P,y  heating  certain  metallic  oxides 
in  the  ammoniacal  gas,  he  farther  found,  that  they  are  re- 
duced to  the  metallic  state  ; a little  water  appeared  to  be 
produced,  and  the  residual  gas  was  nitrogen.  Scheele, 
too,  observed  the  decomposition  of  ammonia,  and  the  pro- 
duction of  nitrogen,  particularly  in  the  detonation  of  ful- 
minating gold,  a substance  composed  of  ammonia  and  ox- 
ide of  gold. 

Berthollet,  reviewing  and  comparing  these  experiments, 
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was  led  by  them  to  institute  others,  in  which  ammonia 
was  decomposed ; and,  from  the  whole,  he  inferred  that  it 
is  a compound  of  hydrogen  and  nitrogen  gas.  From  the 
products  of  its  decomposition  by  the  electric  spark,  he 
concluded,  that  100  parts  of  it  contain  by  weight  80.7  of 
the  nitrogen  with  19.3  of  hydrogen.  With  this  the  results 
of  the  analytic  experiments  made  by  Mr  Davy  at  a later 
period,  almost  agree ; the  proportions  he  assigns  being  80 
and  20.  Both  Dr  Henry  and  Mr  Davy  find,  that  when 
100  measures  of  ammonia  are  decomposed  by  the  electric 
spark,  74  measures  of  hydrogen  and  26  of  nitrogen  are 
obtained,  which  correspond  to  the  above  proportions. 

The  composition  of  ammonia  is  not  easily  established  by 
synthesis,  the  elasticity  of  the  two  gases  being  an  obstacle 
to  the  exertion  of  the  mutual  affinity  of  their  gravitating 
matter,  so  that  when  mixed  together  they  cannot  be  com- 
bined, even  by  the  agency  of  the  electric  spark.  It  had 
been  observed,  however,  that  in  some  cases  of  chemical 
action,  ammonia  is  evidently  formed,  or  is  evolved,  though 
it  docs  not  pre-exist  in  the  materials.  This  production  of 
it  was  known  to  take  place  in  the  action  ol  nitric  acid  on 
tin  ; and  the  theory  of  its  production , as  well  as  the  princi- 
ple on  which  it  depends,  were  ascertained  by  Austin* 
Tin  being  a metal  having  a great  avidity  to  oxygen,  it  de- 
composes when  acted  on  by  nitric  acid,  both  the  acid  it- 
self and  the  water  the  acid  contains  attracting  the  oxy- 
gen of  both.  The  nitrogen  of  the  one  and  the  hydro- 
gen of  the  other  are  evolved  : and  being  presented  to  each 
other  in  the  moment  of  their  evolution,  and  before  they 
have  become  elastic,  (in  their  nascent  state,  as  it  has  been 
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named),  their  mutual  affinity  is  exerted  with  effect,  and 
they  combine.  Dr  Austin  farther  found,  that  it  was  suf- 
ficient to  present  hydrogen  in  its  nascent  state  to  nitro- 
gen gas  to  form  ammonia,  this  result  being  obtained  when 
iron-filings  moistened  with  water  are  confined  in  a tube 
with  nitrogen  gas  over  quicksilver.  The  reverse  experi- 
ment, however,  that  of  presenting  nascent  nitrogen  to  hy- 
drogen gas,  was  not  successful,  probably  from  the  great  ra- 
rity  of  hydrogen  in  its  gaseous  form. 

The  discovery  of  the  existence  of  oxygen,  as  a consti- 
tuent principle  of  the  other  two  alkalis,  potash  and  soda,  ob- 
viously suggested  the  suspicion,  that  it  probably  also  exists 
as  an  element  in  the  composition  of  ammonia,  and  if  the  ex- 
periments on  the  analysis  of  ammonia  be  examined,  it  will 
appear  that  they  do  not  preclude  the  possibility  of  this  ; for 
when  it  is  resolved  into  hydrogen  and  nitrogen  gases,  a small 
portion  of  oxygen  might  be  mingled  with  these,  and  not 
be  detected  from  the  fnanner  in  which  the  experiments  were 
made ; or  by  combining  with  a portion  of  the  hydrogen, 
it  might  be  disguised  in  the  state  of  water.  On  the  dis- 
covery, therefore,  of  the  existence  of  oxygen  in  the  compo- 
sition of  the  fixed  alkalis,  it  became  an  object  of  impor- 
tance to  determine  whether  it  does  not  also  exist  in  the 
composition  of  ammonia. 

It  appeared  to  be  established  by  Mr  Davy’s  experiments 
that  it  does.  On  heating  charcoal  in  ammoniacal  gas, 
rendered  as  dry  as  possible,  carbonic  acid  (a  product 
foimed  by  the  combination  of  charcoal  with  oxygen)  was 
formed.  By  transmitting  ammoniacal  gas  repeatedly 
over  iron-wire  in  a platina  tube  at  a red  heat,  the  pre- 
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sence  of  oxygen  was  rendered  apparent,  both  by  the  oxi- 
dation of  the  iron,  and  the  deposition  of  water.  And, 
lastly,  in  resolving  ammonia  into  hydrogen  and  nitrogen 
gases,  by  the  agency  of  the  electric  spark,  and  estimating 
the  quantities  of  these  by  weight  from  their  volumes,  there 
was  found  a deficit  of  nearly  of  the  ammonia  employed, 
probably  from  the  disappearance  of  a portion  of  oxygen, 
combining  partly  with  the  platina  wires  employed  in  the 
experiment,  and  partly  with  hydrogen  forming  water. 
From  these  experiments  Mr  Davy  inferred,  that  the  pro- 
portion of  oxygen  in  the  composition  of  ammonia  may  be 
equal  to  seven  or  eight  parts  in  the  hundred,  or  may 
even  be  larger. 

The  experiments  of  other  chemists  have  not,  however, 
confirmed  these  results.  Dr  Henry,  submitting  ammonia 
to  analysis  by  the  action  of  electricity,  has,  when  the  due 
precautions  have  been  observed,  been  unable  to  obtain  any 
indications  of  oxygen ; it  is  resolved-  into  hydrogen  and 
nitrogen  alone.  The  same  conclusion  has  been  drawn  by 
Berthollet  from  his  experiments.  And,  more  lately,  Mr 
Davy,  repeating  his  experiments,  has  not  obtained  results 
favourable  to  the  conclusion,  that  oxygen  is  evolved  in  the 
decomposition  of  ammonia,  but  rather  establishing  the 
reverse,  that  the  products  are  hydrogen  and  nitrogen. 
In  either  of  these,  however,  oxygen  may  be  an  element, 
as  has  been  already  stated  ; and  on  the  theory  that  it  is  the 
principle  productive  of  alkalinity,  this  supposition  obviates 
the  anomaly,  which  ammonia  would  otherwise  present. 

The  analogy  in  chemical  constitution  between  ammo- 
nia and  the  other  alkalis  has  been  under  another  point  of 
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view,  that  which  relates  to  its  base,  confirmed  by  the  in- 
teresting discovery  by  Berzelius  and  Pontin,  noticed  un- 
der the  history  of  hydrogen,  that  metallic  matter  is  obtain- 
ed from  it  by  the  action  of  galvanism.  This  matter  can- 
not be  procured  by  itself : it  is  necessary  to  introduce  the 
operation  of  another  substance  which  may  combine  with 
it,  and  this  is  done  by  placing  quicksilver  in  the  galvanic 
circuit  with  a solution  of  ammonia,  or  with  an  ammonia- 
cal  salt,  carbonate  or  muriate  of  ammonia.  On  comple- 
ting the  circuit,  by  connecting  the  positive  and  negative 
wires  ol  the  galvanic  battery  with  the  ammonia  and  the 
quicksilver,  the  latter  soon  undergoes  changes  indicating 
the  communication  to  it  of  metallic  matter.  It  increases 
in  volume,  becomes  less  mobile,  and  this  continuing,  it  is 
at  length  enlarged  to  four  or  five  times  its  original  volume 
and  becomes  a soft  solid.  This  change  is  evidently  analo- 
gous to  amalgamation  \ and  that  the  metallic  matter  produ- 
cing  it  is  derived  from  the  ammonia,  is  apparent,  not  only 
from  the  circumstances  of  the  experiment  itself,  but  far- 
ther, from  the  fact,  that  when  the  amalgam  is  exposed  to 
the  air  or  dropt  into  water,  ammonia  is  reproduced.  These 
experiments  were  confirmed  by  Mr  Davy  : they  are  indeed 
easily  performed,  requiring  no  powerful  battery  : and  Mr 
Davy  farther  found,  that  quicksilver  suffers  a similar 
change  when  ammonia  in  contact  with  it  is  subjected  to 
the  powerful  de-oxidating  influence  of  the  metallic  bases 
of  either  of  the  other  alkalis.  * 

This  metallic  matter  must  be  regarded  as  the  base  of 
ammonia,  and  as  such  it  has  been  named  Ammonium. 
Whether  it  is  derived  from  the  hydrogen  or  nitrogen  into 
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which  ammonia  is  resolvable,  or  from  both,  or  whether 
these  gases  are  different  forms  or  combinations  of  it,  re- 
mains at  present  unknown  ; but  the  discovery  sufficiently 
confirms  the  analogy  between  this  and  the  other  alkalis. 

Ammonia  is  always  procured  by  indirect  processes.  Its 
ultimate  source  is  usually  from  the  decomposition  of  ani- 
mal matter,  of  which  its  constituent  principles  are  ele- 
ments, and  which,  in  the  new  combinations  taking  place 
in  that  decomposition,  unite  so  as  to  form  it.  It  is  thus 
obtained  abundantly  in  the  distillation  of  bones  and  other 
animal  substances.  Procured  in  this  way,  however,  it  is 
always  impure,  and  the  chemist  therefore  usually  avails 
himself  of  a salt,  containing  it  prepared  on  a large  scale  for 
different  purposes  in  the  arts,  the  muriate  of  ammonia,  or 
sal-ammoniac  of  commerce,  from  which  it  is  easily  obtain- 
ed pure.  This  salt  consists  of  muriatic  acid,  combined 
with  ammonia.  On  mixing  it  with  two  parts  of  slaked 
lime,  the  pungent  smell  of  ammonia  is  immediately  appa- 
rent •,  and  on  applying  heat  to  the  mixture  in  a retort, 
there  is  an  abundant  production  of  elastic  fluid,  consisting 
of  the  ammonia  in  this  form,  the  lime  combining  with  the 
muriatic  acid  of  the  compound  salt,  and  the  ammonia 
being  disougaged.  The  ammoniacal  gas  is  received  over 
quicksilver,  as  it  is  instantly  absorbed  by  water. 

Ammonia,  in  the  state  ot  gas,  has  an  odour  extremely 
pungent,  and  is  so  acrid  as  to  inflame  the  skin.  It  is  one 
of  the  rarest  of  the  elastic  fluids,  its  specific  gravity  being 
to  that  of  atmospheric  air  as  600  to  1000.  100  cubic 

weigh  18  grains.  It  is  permanently  elastic  at  natural  tem- 
peratures, but  when  exposed  to  a cold  — 56°  of  Fahrcn- 
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licit,  it  is  condensed  into  the  liquid  state, — a condensation 
facilitated  probably  by  the  operation  of  the  water  which  it 
may  hold  dissolved.  The  gas  extinguishes  combustion  ; 
it  is  itself  slightly  inflammable,  the  flame  of  a taper  par- 
tially introduced  into  it  being  enlarged,  and  when  it  is  pre- 
viously mingled  with  atmospheric  air  it  burns  with  a slight 
lambent  flame,  and  when  kindled  in  mixture  with  oxygen 
gas  burns  more  strongly.  When  transmitted  through  an 
ignited  tube,  or  submitted  to  the  action  of  the  electric 
spark,  it  is  decomposed. 

Ammonilfcal  gas  is  largely  and  rapidly  absorbed  by  wa- 
ter; the  water,  under  a mean  atmospheric  pressure  and 
temperature,  taking  up  rather  more  than  one-third  its 
weight  of  the  gas.  Ice  immediately  liquefies  in  it,  at  the 
same  time  condenses  it,  and  this  is  accompanied  by  the 
production  of  cold.  Its  solution  in  water  is  of  inferior  spe- 
cific gravity  to  pure  water,  being,  when  concentrated,  not 
more  than  9054.  The  gas  is  expelled  from  it  by  an  ele- 
vation of  temperature ; by  intense  cold  the  solution  is  con- 
gealed without  the  ammonia  being  separated : the  conge- 
lation takes  place  at  — 40° : and  at  — 58°  it  loses  all  smell. 

It  is  under  the  form  of  the  watery  solution  that  ammo- 
nia is  usually  employed  as  a chemical  agent.  The  solution 
• is  prepared  by  connecting  a retort  of  green  glass  with  the 
mixture  of  muriate  of  lime  and  ammonia  in  the  propor- 
tions already  stated,  and  with  about  twice  their  weight  of 
water,  with  the  bottles  of  Woolfe’s  apparatus  containing 
water.  Heat  is  applied  to  the  retort  by  the  medium  of  a 
sand-bath  : the  lime  combines  with  the  muriatic  acid,  the 
ammonia  is  expelled,  and  is  condensed  partly  by  the  water 
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that  distils  over  from  the  retort,  and  partly  by  the  water 
in  the  bottlA  of  the  apparatus  through  which  it  is  trans- 
mitted. On  a large  scale,  the  distillation  is  carried  on 
from  an  iron-still  containing  the  muriate  of  ammonia  and 
lime  dry,  to  which  the  fire  is  directly  applied,  the  still  be- 
ing connected  with  a spiral  tin  tube  placed  in  a refrigera- 
tory, and  with  the  extremity  of  which  a series  of  globular 
receivers  is  likewise  connected.  When  properly  prepared 
it  is  colourless,  and  has  the  pungency  of  the  ammonia  un- 
accompanied with  any  fetor. 

Ammonia  has  been  supposed  to  be  inferior  to  the  other 
two  alkalis  in  alkaline  power,  as  they  decompose  the  com- 
pounds it  forms  with  the  acids.  This,  however,  is  proba- 
bly owing  to  its  volatility  ; and  as  a given  weight  of  it  neu- 
tralizes larger  quantities  of  the  acids  than  the  same  weight 
of  the  other  alkalis  do,  it  follows,  from  Berthollet’s  views 
of  the  strength  of  chemical  affinity,  that  it  is  even  superior 
in  power.  From  the  inferior  concentration,  however,  of 
its  solution,  it  acts  less  strongly  on  a number  of  sub- 
stances ; it  combines  rather  less  intimately  with  the  oils, 
and  it  docs  not  dissolve  the  earths. 
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CHAP.  II. 

OF  POTASH  AND  ITS  BASK. 

This  alkali  has  long  been  employed  in  a state  of  great- 
er or  less  purity  as  a chemical  agent,  and  has  been  distin- 
guished by  Various  appellations.  Being  usually  procured 
from  the  combustion  of  vegetables,  it  received  the  name  of 
\ egetable  Alkali.  As  it  is  the  base  of  the  impure  alkaline 
salt,  the  potash  of  commerce,  it  has  been  named  Potash.. 
The  term  Potassa  has  been  received  as  the  Latin  appella- 
tion, and  would  be  preferable  even  in  our  language,  as  si- 
milar in  termination  to  the  names  of  the  other  alkalis,  and 
as  different  from  the  term  applied  in  commerce  to  a sub- 
stance containing  only  the  alkali  in  an  impure  form  : but 
that  of  Potash  appears  to  be  established  by  general  use. 

Potash  had  sometimes  been  suspected  to  be  a compound 
substance,  but  these  conjectures  rested  only  on  remote 
analogies,  and  nothing  was  truly  known  with  regard  to  its 
composition  previous  to  Mr  Davy’s  discovery  of  it.  Guid- 
ed by  the  principles  which  he  had  established  with  regard 
to  the  decompositions  which  galvanism  produces,  he  sub- 
mitted it  to  the  action  of  this  power  in  sufficient  intensity, 
and  obtained  its  base, — a substance  before  altogether  un- 
known, possessed  of  very  singular  properties,  and  which 
has.  led  (o  the  discovery  of  others  equally  peculiar. 
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The  decomposition  of  potash  by  galvanism  is  most  easi- 
ly effected  by  placing  a small  piece  of  it  slightly  moistened, 
in  a platina  cup,  in  connection  with  one  extremity  of  a gal- 
vanic battery.  On  establishing  the  communication  with 
the  other  side  by  a wire  of  platina,  an  effervescence  is  ex- 
cited at  the  surface  of  the  potash  at  the  positive  side,  ow- 
ing  to  the  disengagement  of  elastic  fluid,  accompanied  with 
the  liquefaction  of  the  potash ; while  at  the  surface  in 
communication  with  the  negative  side,  globules  appeal- 
having  metallic  lustre,  and  in  mobility  similar  to  quicksil- 
ver. The  elastic  fluid  disengaged,  Mr  Davy  fotfiul,  is  oxy- 
gen gas  ; the  metallic  globules  are  the  base  with  which  the 
oxygen  had  been  combined. 

This  analysis  of  potash  Mr  Davy  confirmed  by  synthesis. 
On  exposing  the  metallic-like  matter  to  atmospheric  air, 
its  lustre  is  diminished,  a white  crust  soon  forms  upon  it, 
which  is  potash,  and  this  is  accompanied  with  an  absorp- 
tion of  oxygen.  On  heating  it  in  oxygen  gas  it  entered 
into  vivid  combustion ; solid  potash  was  likewise  produced, 
and  a portion  of  the  oxygen  consumed.  Or,  lastly,  on 
dropping  it  into  water,  an  immediate  disengagement' of  hy- 
drogen takes  place,  the  metallic  matter  disappears,  and  a 
solution  of  potash  is  obtained.  From  these  experiments, 
both  analytic  and  synthetic,  the  conclusion  appears  neces- 
sarily to  follow,  that  potash  is  a compound  of  this  metallic 
matter  and  oxygen,  since  it  is  resolved  into  them,  and  is 
re-produced  when  they  combine.  The  proportions  have 
been  estimated  by  Mr  Davy  to  be,  at  a medium,  85  of 
base,  and  15  of  oxygen. 

A Confirmation  of  this  discovery,  extreme ly  important, 


AND  ITS  BASE. 


333 


as  excluding  any  suspicion  that  might  have  been  er  ter  tam- 
ed that  galvanic  action  is  essential  to  these  changes,  was 
soon  after  the  publication  of  Mr  Davy’s  experiment  made 
by  the  French  chemists,  Gay  Lussac  and  Thenard,  pot- 
ash having’  been  decomposed  by  them  by  the  action  of 
iron, — an  experiment  which  has  been  often  repeated  with 
success.  Clean  iron-filings  are  put  into  an  iron  tube,  bent 
so  that  the  filings  shall  lie  in  the  curvature  towards  the 
middle  of  the  tube,  and  be  raised  to  the  necessary  heat  by 
being  placed  in  a small  furnace.  To  one  extremity  of  the 
tube  is  adapted,  by  grinding,  a smaller  one  having  a stop- 
per inserted  at  its  open  extremity,  and  containing  a quan- 
tity of  pure  potash  •,  when  the  iron-filings  are  raised  to  a 
white  heat,  this  potash  is  liquefied  by  applying  to  it  the 
heat  required,  and  it  is  allowed  to  run  through  a small 
aperture  on  the  filings.  It  is  then  decomposed,  the  iron 
attracts  its  oxygen,  and  the  metallic  matter,  which  is  its. 
base,  is  sublimed  to  the  other  extremity  of  the  tube,  which 
is  kept  cold,  so  that  it  shah  be  condensed.  A little  hydro- 
gen gas  is  disengaged  during  the  process,  apparently  de- 
rived from  the  water  contained  in  the  potash,  and  is  allow- 
ed to  escape  by  a tube  of  safety  connected  with  the  tube. 
Tire  metallic  matter  adheres  in  brilliant  plates  to  the  sides 
of  die  extremity  of  the  large  tube  ; it  is  similar  to  that  ob- 
tained from  the  decomposition  of  the  alkali  by  galvanism, 
but  is  a little  heavier,  probably  from  a slight  alloy  of  iron. 
Potash  has  also  been  decomposed  by  charcoal. 

To  the  substance  obtained  in  these  experiments,  the 
base  of  potash,  Mr  Davy  has  given  the  name  of  Potas- 

i 

sium.  The  following  are  its  principal  properties. 
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It  appears  in  the  form  of  globules,  having  metallic  lustre 
and  opacity  at  the  temperature  of  60,  very  similar  in  ap- 
pearance to  those  of  quicksilver,  hut  rather  less  mobile.  At 
70°  the  mobility  and  fluidity  are  greater,  and  at  100  it  is 
completely  liquid,  so  that  the  globules  run  easily  together. 
At  50  it  becomes  solid,  is  similar  in  appearance  to  silver, 
and  is  malleable  ; at  32  it  is  hard  and  brittle.  Though  it 
resembles  the  metals,  however,  in  opacity,  lustre,  and  other 
properties,  it  differs  from  them  remarkably  in  density  : in 
this  property  it  is  inferior  even  to  water  or  alcohol ; when  li- 
quid it  does  not  sink  in  naphtha,  the  specific  gravity  of 
which  is  .77  : in  its  solid  state  it  is  rather  heavier,  but  still, 
even  at  40,  it  floats  in  this  liquid ; its  specific  gravity, 
therefore,  is  probably  not  more  than  6,  water  being  10. 

Potassium,  though  so  remarkably  affected  by  heat,  is 
not  very  volatile ; it  requires  a temperature  approaching 
to  ignition  to  volatilize  it.  At  temperatures  inferior  to 
this  it  combines  with  oxygen  slowly,  and  without  any  sen- 
sible combustion ; but,  when  heated  to  the  point  of  volati- 
lization, it  burns  vividly  with  intense  heat  and  light.  It 
appears  to  coiftbine  with  different  proportions  of  oxygen  ; 
for,  when  slowly  heated  in  a quantity  of  oxygen  not  suffi- 
cient to  saturate  it,  the  oxygen  is  absorbed,  and  a substance 
is  formed  of  a greyish  colour,  consisting  partly  of  potash, 
and  partly  of  potassium  in  a low  degree  of  oxidation.  This, 
when  heated  in  the  air,  or  moistened  with  water,  is  con- 
verted entirely  into  potash. 

From  its  avidity  to  oxygen,  potassium  decomposes  wa- 
ter with  rapidity,  producing  explosion  with  flame,  and  be- 
ing converted  by  oxygenation  into  potash.  Placed  on  ice 
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it  burns  with  a bright  flame  melting  the  ice.  It  attracts 
oxygen  with  similar  rapidity  from  the  mineral  acids,  and 
burns ; and  so  susceptible  is  it  of  oxidation,  that  it  is  diffi- 
cult to  preserve  it  unchanged. 

It  unites  with  inflammable  substances.  When  heated 
in  hydrogen  gas,  it  diminishes  in  volume : and  the  gas,  on 
being  mingled  with  atmospheric  air,  explodes  with  the  pro- 
duction of  alkaline  fumes.  It  unites  with  phosphorus  ; and 
if  the  air  has  been  excluded,  the  compound  has  the  ap- 
pearance of  the  metallic  phosphurets.  When  heated  with 
sulphur,  under  the  vapour  of  naphtha,  they  combine  rapid- 
ly with  the  evolution  of  heat  and  light,  and  form  a sub- 
stance of  a grey  colour,  with  the  lustre  and  appearance  of 
artificial  sulphuret  of  iron. 

It  also  combines  with  the  metals,  and  forms  compounds 
having  metallic  properties  which-  absorb  oxygen  from  the 
air  and  decompose  water,  potash  being  formed,  and  the 
metal  separated  unchanged.  Its  action  on  quicksilver  is 
singular.  They  instantly  combine  with  the  evolution  of 
more  or  less  heat : the  potassium  in  a minute  quantity  adds 
to  the  consistence  of  the  quicksilver,  and  diminishes  its 
mobility  : when  the  quantity  is  about  of  the  weight  of 
the  quicksilver,  the  amalgam  is  soft  and  malleable:  in  a 
quantity  a little  larger  it  renders  it  solid,  and  nearly  simi- 
lar to  silver  in  colour.  When  it  amounts  to  about  ^ of 
the  weight  of  the  quicksilver,  the  alloy  is  hard  and  brittle. 
The  fluid  amalgam  dissolves  all  the  metals,  even  those  with 
which  quicksilver  alone  does  not  combine.  Compounds  of 
the  metuls  with  potassium  are  likewise  formed  by  heating 
an  excess  of  it  with  the  metallic  oxides,  one  portion  of  it 


336 


OP  POTASH 


abstracting  oxygen  and  forming  potash,  the  other  uniting 
with  the  reduced  metal.  From  this  action  it  acts  on  glass, 
reducing  the  oxides  of  iron  and  lead  which  it  contains, 
and  forming  potash,  which  dissolves  the  glass. 

Though  this  substance  has  not  the  property  which  has 
been  regarded  as  most  characteristic  of  the  metals,  that  of 
great  density,  it  can  scarcely  but  be  regarded  as  metallic, 
as  it  has  the  peculiar  physical  qualities  belonging  to  the 
class,  opacity,  lustre,  and  malleability : and  in  its  chemi- 
cal relations  it  displays  properties  similar  to  those  of  other 
metals, — combining  with  oxygen,  uniting  with  inflammar 
bles,  and  with  the  metals  themselves,  forming  compounds 
which  retain  the  general  metallic  qualities. 

Gay  Lussac  and  Thenard,  in  conformity  to  the  theory 
they  have  advanced  with  regard  to  the  metallization  of  the 
alkalis,  consider  potassium  as  a compound  of  potash  and 
hydrogen,  the  latter  element  being  afforded  in  its  forma- 
tion by  the  water  which  the  alkali  contains.  The  opinion 
does  not  rest  on  any  conclusive  argument,  and  the  discus- 
sion of  it  merely  as  a possible  hypothesis,  would,  in  the 
present  state  of  the  inquiry,  be  premature. 

Potash,  of  which  this  substance  is  the  base,  is  usually 
procured  from  the  combustion  of  land  vegetables,  the  pro- 
cess being  carried  on  in  those  countries  which  abound  in 
wood;  the  ashes  remaining  after  the  combustion  being 
lixiviated,  the  liquor  affords,  on  evaporation,  saline  mat- 
ter, which,  when  exposed  to  heat,  forms  a solid  white 
mass.  This  consists  of  variotis  salts,  principally  of  potash, 
combined  with  carbonic  acid,  partly  also  of  potash  com- 
bined with  sulphuric  and  muriatic  acids,  together  with 
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siliceous  earth,  oxides  of  iron  and  manganese,  and  occa- 
sionally other  impurities.  It  has  not  been  well  determined, 
whether  the  alkali  is  produced  by^lie  combustion,  or 
whether  it  pre-exists  in  the  vegetable  matter,  and  is  merely 
evolved.  It  is  obtained  in  different  quantities  from  diffe- 
rent vegetables  : the  harder  woods  afford  more  than  those 
that  are  spongy,  shrubs  more  than  trees,  herbaceous 
plants  a quantity  still  larger,  and  even  different  parts  of 
the  same  plant  give  different  proportions  of  it,  the  leaves, 
from  a given  weight,  yielding  more  than  the  branches, 
and  the  branches  more  than  the  trunk. 

Potash  is  sometimes  procured  from  other  sources,  and 
in  a state  rather  more  pure,  as  from  the  decomposition  by 
heat  of  the  salt  named  Tartar,  or  from  the  deflagration  of 
nitre  with  charcoal,  this  alkali  being  the  base  of  these 
salts. 

Potash,  as  obtained  by  all  these  processes,  is  combined 
with  carbonic  acid.  To  abstract  this,  the  saline  matter, 
the  Sub-Carbonate  of  Potash  as  it  is  named,  is  mixed 
with  twice  its  weight  of  recently  slaked  lime,  and  as  much 
water  as  is  necessary  to  give  the  consistence  of  a thin 
paste : this  is  put  into  a glass  funnel,  the  tube  of  which  is 
obstructed  with  a piece  of  linen ; the  mass  of  lime  soon 
subsides,  so  that  the  liquid  portion  filtrates  through  it  very 
slowly,  and  water  is  occasionally  added,  as  the  filtration 
pioceeds,  until  a quantity  of  liquid  has  passed  through  ten 
times  the  weight  of  the  sub-carbonate  of  potash  employed. 
The  lime  in  this  process  attracts  the  carbonic  acid,  and, 
from  the  Jai-ge  quantity  employed,  and  the  slowness  with 

which  the  water  holding  the  alkali  dissolved  passes  through 
Vol.  I.  y 
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it,  the  abstraction  is  more  complete  than  could  be  ob- 
tained by  any  other  arrangement. 

Still,  though  the  potash  is  thus  obtained  in  a state  of 
solution  nearly  pure,  it  is  not  perfectly  so ; a little  carbonic 
acid  remains  combined  with  it,  and  there  may  be  present 
too  small  portions  of  sulphate  and  muriate  of  potash, 
originally  derived  from  the  potash  of  commerce,  as  well  as 
a little  siliceous  earth.  To  obtain  it  in  a state  of  purity, 
different  methods  have  been  proposed ; that  which  is  ge- 
nerally followed  is  one  proposed  by  Berthollet.  Potash 
is  soluble  in  alkohol,  but  is  insoluble  when  combined  with 
carbonic  or  sulphuric  acid.  The  alkaline  solution,  there- 
fore, obtained  by  slow  filtration  from  the  mixture  of  sub- 
carbonate of  potash  and  lime,  is  evaporated  until  it  be- 
come of  a thick  consistence,  and  there  is  then  added  to  it 
an  equal  weight  of  alkohol.  A quantity  of  undissolved 
matter  subsides,  a dark-coloured  liquid  floats  above  this, 
which  is  principally  water  holding  dissolved  potash  com- 
bined with  carbonic  acid  ; a lighter  coloured  liquor  is  above 
this ; it  is  drawn  off,  and  is  partially  evaporated  in  a silver 
bason.  On  standing,  it  separates  into  two  liquids  of  dif- 
ferent specific  gravities,  the  heavier  being  a solution  ol  the 
alkali  with  carbonic  acid,  the  lighter  a solution  of  the  pure 
alkali.  The  latter  is  poured  off',  and  is  evaporated,  so  that 
on  cooling  it  shall  either  deposite  crystals,  or  pass  into  an 
irregular  crystallized  mass  ; a small  portion  of  residual  li- 
quor being  poured  off,  the  potash  is  thus  obtained  in  a 
solid  form. 

Potash  thus  prepared  is,  if  the  evaporation  lias  been 
carried  to  dryness,  a substance  solid,  hard,  and  brittle,  of 


AND  ITS  BASE. 


339 


a white  colour.  If  evaporated  to  a less  extent,  it  crystal- 
lizes in  forms  which  are  modified  by  the  degree  of  evapora- 
tion : it  is  thus  obtained  in  thin  plates,  in  slender  needles, 
or  in  tetrahedral  pyramids,  single  or  double,  these  con- 
taining different  portions  of  water  of  crystallization.  They 
produce  cold  in  dissolving  in  water,  while  the  solid  potash 
produces  heat.  Even  in  the  driest  form  to  which  it  is 
reduced  by  evaporation,  and  after  it  has  been  kept  in 
fusion,  the  potash  retains  a considerable  quantity  of  water 
combined  with  it  j 100  parts  containing,  according  to 
Berthollet’s  estimate,  14  of  water.  Mr  Davy  has  ob- 
served, that  the  product  formed  by  the  combustion  of 
potassium  in  dry  oxygen  gas  is,  from  the  absence  of  wa- 
ter, much  less  fusible  than  the  common  potash : it  is  the 
alkali  in  its  pure  form,  and  requires  about  19  per  cent,  of 
water  to  convert  it  into  a substance  analogous  to  the  com- 
mon potash,  which,  even  when  it  has  been  heated  to  red- 
ness, is  a hydrate  of  potash. 

In  all  these  forms  the  alkali  has  a strong  attraction  to 
an  additional  portion  of  water  : it  imbibes  it  rapidly  from 
tile  atmosphere,  so  that  its  surface  becomes  humid,  and 
dissolves  in  less  than  its  own  weight  of  water,  forming 
a solution  dense  and  somewhat  viscid.  It  is  very  fusible, 
melting  at  a heat  of  360°  ; this  fusibility  is  owing  in 
part,  however,  to  the  water  it  contains.  At  a red  heat  it  is 
volatilized.  So  great  is  its  causticity,  that  it  quickly 
erodes  animal  matter;  and  its  alkaline  powers  are  so  ener- 
getic, that  the  most  minute  quantity  of  it  changes  the  blue 
and  purple  colours  of  vegetables  to  a green. 

Y2 
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Potash  has  the  distinguishing  alkaline  property,  that  of 
combining  with  acids,  and  neutralizing  the  acid  powers, 
though,  as  a larger  quantity  of  it  is  necessary  to  saturate 
a given  weight  of  acid  than  is  required  of  ammonia  or 
soda,  it  is  probably  inferior  to  them  in  real  alkaline 
power. 

It  unites  too  with  oils  and  fats,  forming  soaps,  which, 
though  concrete,  are  soft  or  gelatinous. 

With  some  of  the  earths  it  combines  by  fusion,  and 
others  it  dissolves  even  in  the  state  of  its  watery  solution. 

It  has  little  energy  of  action  on  the  metals,  but  com- 
bines with  some  of  their  oxides.  It  unites  too  with  sul- 
phur and  phosphorus,  rendering  them  to  a certain  extent 
soluble  in  water,  and  enabling  them  tb  decompose  it  by 
attracting  oxygen. 

From  the  numerous  and  powerful  chemical  actions 
which  it  exerts,  it  is  applied  to  many  purposes  of  utility 
in  the  arts,  and  as  it  is  the  alkali  most  easily  procured,  it 
is  the  one  most  extensively  used.  It  is  thus  employed  in 
bleaching,  dyeing,  soap-making,  the  manufacture  of  glass 
and  others.  In  medicine,  it  is  employed  as  an  antacid,  a 
lithontriptic,  and  an  esclxarotic. 

Besides  being  produced  in  the  vegetable,  it  is  found, 
though  not  in  large  quantity,  in  the  .mineral  kingdom, 
either  as  a saline  combination,  or  as  an  ingredient  in  some 
earthy  fossils.  It  also  exists  in  several  of  the  animal  fluids 
and  solids. 
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CHAP.  III. 

OF  SODA. 

Soda  being  found  more  extensively  diffused  in  the  mi- 
neral kingdom  than  either  of  the  other  alkalis,  has  been 
denominated  Mineral  Alkali.  The  term  Soda  is  that 
usually  applied  to  it,  and  is  unexceptionable. 

On  the  discovery  of  the  composition  of  potash,  Mr 
Davy  submitted  soda  to  the  same  methods  of  analysis,  and 
discovered,  that  it  is  a compound  of  a base  apparently 
metallic  with  oxygen.  It  required  for  its  decomposition 
rather  a greater  degree  of  galvanic  power  than  potash  did  ; 
but  when  this  was  applied  in  sufficient  intensity,  the  phe- 
nomena were  similar ; an  effervescence  was  produced  at 
the  positive  sitle,  which  was  found  to  arise  from  the  dis- 
engagement of  oxygen  gas  ; and  at  the  surface  in  contact 
with  the  negative  wire,  globules  were  produced,  having 
metalhc  lustre.,  these  being  the  base  of  the  alkali ; the  de- 
composition being  effected  from  the.  powerful  attractions 
and  repulsions  exerted  at  the  different  galvanic  surfaces. 
This  base,  exposed  to  the  air,  absorbed  oxygen,  and  re- 
produced soda ; the  same  result  took  place  more  speedily, 
and  with  the  phenomena  of  combustion,  when  it  was 
heated  in  oxygen  gas,  thus  confirming  the  analysis  by 
synthesis.  The  quantity  of  oxygen  in  soda,  Mr  Davy 
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found  reason  to  conclude,  is  rather  larger  than  in  potash, 
its  proportion,  taking  the  mean  of  various  experiments, 
being  21.5,  with  78.5  of  base.  To  this  base  Mr  Davy 
gave  the  name  of  Sodium.  The  following  are  its  princi- 
pal properties  : 

It  is  white  and  opaque,  with  metallic  lustre,  having  the 
general  appearance  of  silver  ; it  is  very  malleable,  and  is  so 
soft,  that  with  a slight  force  it  can  be  extended  in  thin 
leaves,  a softness  which  it  retains  even  when  cooled  to 
32°.  Though  lighter  than  water,  its  density  is  con- 
siderably greater  than  that  of  potassium : Mr  Davy  esti- 
mates its  specific  gravity  at  .934-8.  It  requires  a higher 
heat  to  melt  it  than  potassium  does : at  120  it  begins  to 
lose  its  cohesion  ; at  180  it  is  perfectly  fused  : it  is  also  less 
volatile,  as  it  remains  fixed  even  at  ignition. 

When  exposed  to  the  atmosphere  it  is  oxidated,  soda 
being  formed  on  its  surface,  which  deliquesces  slowly. 
When  heated  nearly  to  ignition,  the  combination  is  at- 
tended with  combustion  *,  the  small  globules  of  it,  as  they 
are  produced  in  the  experiment  of  the  decomposition  of 
the  alkali,  are  easily  inflamed  by  the  electric  spark,  and 
when  sodium  is  heated  in  oxygen  gas,  it  burns  with  a 
vivid  white  light,  emitting  bright  sparks. 

From  its  strong  attraction  to  oxygen,  it  decomposes 
water  rapidly,  soda  being  formed  by  its  oxygenation,  and 
hydrogen  disengaged  ; and  if  the  water  is  in  small  quan- 
tity, the  heat  produced  is  such  as  to  inflame  the  sodium.  - 
It  is  inflamed  too  by  nitric  acid,  and  is  rapidly  oxidated 
by  the  other  acids.  Like  potassium,  it  appears  to  be  sus- 
ceptible of  different  degrees  of  oxygenation  ; soda,  when 
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only  partially  de-oxidated,  forming  a substance  of  a dark 
grey  colour,  and  a similar  substance  being  produced  when 
sodium  is  fnsed  with  a portion  of  soda,  which,  when  ex- 
posed to  the  air,  or  moistened,  attracts  oxygen,  so  as  to 
pass  to  the  perfect  alkaline  state. 

Sodium  does  not  appear  to  be  dissolved  by  hydrogen, 
probably  from  its  inferior  volatility.  It  combines  with 
sulphur  and  phosphorus,  the  combination  being  attended 
with  the  evolution  of  much  heat  and  light,  and  the  com- 
pounds being  similar  in  external  properties  to  those  form- 
ed by  potassium  with  the  same  inflammables. 

It  unites  too  with  the  metals,  forming  compounds  which 
retain  the  general  metallic  properties.  When  combined 
with  quicksilver  in  so  small  a proportion  as  it  renders  it 
fixed,  forming  a solid  which  has  the  appearance  of  silver. 
All  these  compounds  are  decomposed  by  exposure  to  air 
or  water,  the  sodium  by  absorption  of  oxygen  being  con- 
verted into  soda. 

It  is  evident,  that  sodium  approaches  still  more  closely 
in  its  properties  than  potassium  docs  to  the  common  me- 
tals, as  it  is  more  dense  and  malleable,  and  less  fusible  and 
volatile ; and  it  must  be  regarded  as  a metallic  substance. 

Soda  is  usually  obtained  from  the  combustion  of  marine 
vegetables,  of  which  different  species  afford  it  in  different 
quantities  and  states  of  purity.  The  various  kinds  of  fuci 
or  sea-weed,  afford  in  this  country  the  impure  alkaline  pro- 
duct, known  by  the  name  of  Kelp  ; on  the  shores  of  the 
Mediterranean,  the  salsola,  salicornia,  and  others,  afford 
the  purer  barilla.  Even,  it,  however,  contains  much  fo- 


344 


OF  SODA. 


reign  matter  : the  soda  contained  in  it  is  combined  with 

carbonic,  acid,  and  with  this  are  associated  muriate  and 

% 

sulphate  of  soda,  charcoal,  lime,  magnesia,  and  siliceous 
and  argillaceous  earths.  The  origin  of  the  soda  afforded 
by  the  process  is  not  altogether  determined,  but  it  is  most 
probable  that  it  is  ultimately  derived  from  the  muriate  of 
soda  with  which  these  plants  are  from  their  situation  sup- 
plied ; as  when  they  are  transplanted  to  an  inland  situation, 
it  is  established  by  the  experiments  of  Du  Hamel  and  Ca- 
det, that  the  quantity  they  afford  diminishes  progressively, 
and  after  some  years  they  afford  only  potash.  Vauquelin’s 
experiments  prove,  that  in  the  salsola  soda,  carbonate  as 
well  as  muriate  of  soda  exists  previous  to  the  combustion. 

It  is  usually  from  barilla  that  soda  is  procured.  The 
barilla  in  powder  being  lixiviated  with  boiling  water,  the 
solution  on  evaporation  affords  crystals  of  the  salt  formed 
by  soda,  combined  with  carbonic  acid.  To  obtain  from 
this  the  pure  soda,  it  is  dissolved  in  twice  its  weight  of  wa- 
ter, to  which  is  added  as  much  lime  newly  slaked  as  gives 
a thick  consistence  : this  being  poured  into  a glass  funnel, 
in  the  neck  of  which  a piece  of  linen  is  put,  water  is  added 
as  the  filtration  proceeds  slowly,  until  the  quantity  of  so- 
lution is  equal  to  five  or  six  times  the  weight  of  the  sub- 
carbonate that  had  been  employed.  The  lime  abstracts 
the  carbonic  acid,  its  affinity  to  it  being  aided  by  the  large 
quantity  of  it  used,  and  the  slowness  with  which  the  solu- 
tion passes  through  it.  Still  the  soda  has  a small  quanti- 
ty of  carbonic  acid  combined  with  it : to  obtain  it  altoge- 
ther pure,  therefore,  it  requires  to  be  submitted  to  the  ac- 
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tion  of  alkoliol,  in  the  manner  described  under  the  history 
of  potash. 

Soda  thus  obtained  is  in  the  state  of  a solid  white  mass, 
which  is  crystallized  with  difficulty ; its  crystals  are  prisms, 
but  are  not  regular  : even  in  its  driest  state,  it  contains,  like 
potash,  a portion  of  combined  water,  to  which  it  owes  in 
part  its  fusibility.  It  is  acrid  and  caustic,  abundantly  so- 
luble in  water,  and  is  fused  and  volatilized  by  heat.  It 
changes  the  vegetable  colours  to  a green,  and  combines 
with  the  acids,  neutralizing  the  acid  properties  : with  oils  it 
forms  soap ; with  siliceous  earth  it  unites  by  fusion  and 
forms  glass  : it  combines  too  with  sulphur  and  phospho- 
rus, rendering  them  soluble  in  water,  and  enabling  them  to 
decompose  it. 

So  close  is  the  resemblance  in  properties  between  potash 
and  soda,  that  the  distinctions  between  them  in  properties 
require  rather  minute  attention  to  discover  them.  Soda  ap- 
pears to  have  a less  strong  attraction  to  water  ; in  their 
combinations  they  can  be  at  once  distinguished,  the  salts 
formed  by  the  one  united  with  the  acids,  having  qualities 
altogether  different  from  those  of  the  other.  Both  are  ap- 
plied to  the  same  purposes. 
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OF  EARTHS  AND  THEIR  BASES. 

I he  earthy  aggregates  which  occur  in  nature  are  usually 
heterogeneous  or  compound  ; but  by  analysing  them,  che- 
mists have  arrived  at  the  knowledge  of  a few  substances, 
in  general  insipid,  of  no  lustre  or  transparency,  having  a 
loose  texture,  insoluble  in  water,  uninflammable,  very  dif- 
ficultly fusible,  and  of  moderate  specific  gravity.  These 
resisting  farther  analysis,  they  regarded  as  simple  substan- 
ces, distinguishing  them  still  by  the  name  of  Earths,  and 
thus  affixing  to  this  term  a signification  different  from  that 
which  it  has  in  popular  or  even  in  mineralogical  language. 
Four  substances  of  this  kind  were  known  to  the  older  che- 
mists, silcx,  argil,  magnesia,  and  lime  : other  two  were  af- 
terwards made  known,  barytes  and  strontites,  and  more 
lately  three,  zircon,  glucine,  and  ittria,  have  been  added 
to  the  number. 

The  important  discovery  has  also  been  made,  that  they 
are  not  simple  substances  but  compounds,  their  bases  being 
somewhat  similar  to  those  of  the  alkalis,  and  these  bases 
being  united  with  oxygen.  From  the  similarity  of  the 
earths  in  chemical  properties  to  the  metallic  oxides,  it  had 
often  been  conjectured  that  they  are  of  a metallic  nature, 
and  their  reduction  had  frequently  been  attempted,  and  at 


AND  THEIR  BASES. 


347 


one  time  had  even  been  supposed  to  have  been  accom- 
plished. This,  however,  was  a mistaken  result,  and  no- 
thing was  truly  known  with  regard  to  their  composition, 
until  Mr  Davy,  after  his  discovery  of  the  chemical  consti- 
tution of  the  alkalis,  submitted  the  earths  in  a similar  man- 
ner to  the  action  of  galvanism.  Though  results  were  ob- 
tained indicating  their  composition,  these  were  much  less 
perfect  than  those  obtained  with  regard  to  the  alkalis,  ow- 
ing partly  perhaps  to  the  strength  of  affinity  between  their 
principles,  but  principally  to  their  being  less  perfect  elec- 
trical conductors.  By  obviating  this  by  submitting  them 
to  the  galvanic  action  in  mixture  with  potash,  or  with  me- 
tallic oxides,  results  more  distinct  were  obtained  : and  a 
method  employed  by  Berzelius  and  Pontin  proved  still 
more  successful, — placing  them  in  the  galvanic  circuit  with 
quicksilver.  They  thus  obtained  the  metallic  bases  of  ba- 
rytes and  lime  in  combination  with  the  mercury.  Mr  Da- 
vy, by  the  same  method,  decomposed  strontites  and  mag- 
nesia, and  by  distilling  the  quicksilver,  obtained  their  bases. 
By  submitting  silex,  argil,  zircon,  or  glucine,  to  the  ac- 
tion of  the  galvanic  battery  in  fusion  with  potash  or  so- 
da, or  in  contact  with  iron,  or  by  fusing  those  earths  with 
potassium  and  iron,  appearances  were  obtained  indicating 
their  decomposition,  and  the  production  of  bases  of  a me- 
tallic nature  : and  there  can  remain  little  doubt,  that  all  the 
earths  are  compounds,  and  of  similar  constitution. 

The  bases  of  the  earths  obtained  in  these  experiments 
approach  still  more  nearly  than  the  liases  of  the  alkalis  to 
the  common  metals,  and  the  earths  themselves  have  a 
stricter  resemblance  than  the  alkalis  to  metallic  oxides. 
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Yet  there  are  also  grounds,  as  has  been  already  stated,  for 
retaining  their  distinction  as  a natural  oi’der,  forming 
the  link  which  connects  the  alkalis  with  the  metals. 

Of  the  characters  assigned  to  the  earths,  none  can  be 
regarded  as  of  itself  altogether  distinctive.  They  are 
usually  said  to  be  insipid  ; but  there  are  three  of  them,  ba- 
rytes, strontites,  and  lime,  which  have  a strong  taste  : they 
have  also  been  considered  as  insoluble  in  water ; and  the 
greater  number  of  them  are  not  sensibly  soluble,  but  still 
these  three  earths  are  dissolved  in  a certain  proportion. 
Infusibility  is  a character  less  equivocal,  as  there  is  none  ot 
them  but  what  requires  at  least  a very  intense  heat  for  its 
fusion.  They  are  altogether  uninflammable,  a property 
obviously  arising  from  their  being  substances  saturated 
with  oxygen.  In  common  with  metallic  oxides,  they  are 
destitute  of  metallic  lustre  and  opacity. 

The  earths  combine  with  the  acids  and  neutralize  the 
acid  properties  ; these  combinations,  in  the  laws  they  ob- 
serve, and  the  compounds  to  which  they  give  rise,  being  si- 
milar to  those  which  the  alkalis  form  with  the  acids.  There 
is  an  exception  to  this  in  one  earth,  silex,  which,  in  the 
humid  way,  scarcely  unites  with  any  acid  but  the  fluoiic, 
and  which  does  not  produce  the  state  of  neutralization.  It 
is  the  substance,  therefore,  which  is  at  once  most  remote 
from  the  alkalis,  and  from  the  metallic  oxides. 

One  property  has  been  assigned  as  distinctive  of  the 
earthy  from  the  metallic  salts,  that  the  solutions  of  the 

former  arc  not  precipitated  by  prussiate  of  potash.  Hus 

is  not,  however,  without  exceptions,  the  earth  named 
ittria,  and  also,  as  Klaproth  has  affirmed,  zircon,  giving 


AND  THEIR  BASES. 


349 


precipitates  with  this  test.  In  general,  the  earthy  salts 
are  not  much  altered  by  infusion  of  galls,  a re-agent  which 
so  sensibly  affects  metallic  salts  : neither  are  they  coloured. 
Ittria  affords  also,  however,  an  exception  to  this,  some  of 
its  salts  having  a red  colour,  and  being  precipitated  by  in- 
fusion of  galls  ; and  from  these  circumstances  it  ought  per- 
haps to  be  transferred  to  the  class  of  metals,  though  it  has 
not  been  actually  reduced  to  the  metallic  state.  None  of 
these  characters,  indeed,  is  very  distinctive. 

Several  of  the  earths  combine  with  sulphur  and  phos- 
phorus, and  like  the  alkalis  render  these  inflammables  so- 
luble in  water,  and  capable  of  decomposing  it.  The  same 
earths  unite  with  sulphuretted  hydrogen. 

The  earths  and  alkalis  combine.  By  fusion  with  either 
of  the  fixed  alkalis,  they  form  glasses,  and  the  alkali  digest- 
ed with  water  on  several  earths,  dissolves  a portion  of 
them. 

The  earths  combine  with  the  metallic  oxides  by  fusion, 
forming  coloured  glasses,  and  they  even  exert  mutual  affi- 
nities in  the  humid  way,  producing  in  their  mixture  mois- 
tened with  water  a degree  of  induration. 

Lastly,  the  earths  exert  affinities  to  each  other.  Seve- 
ral of  them  combine  by  fusion,  forming  glasses  more  or 
less  transparent.  And  when  boiled  together  in  water,  it 
frequently  happens,  that  an  earth  insoluble  by  itself  is 
dissolved  by  the  affinity  exerted  to  it  by  another  earth, 
which  is  itself  of  sparing  solubility.  Their  mutual  affinities 
exerted  in  the  humid  way  is  well  displayed  by  another 
fact,  that  if  solutions  of  two  earths  in  the  same  solvent  be 
mixed  together,  in  different  cases,  they  combine,  the 
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power  of  the  solvent  is  overcome,  and  they  form  an  inso- 
luble precipitate.  And  in  all  these  combinations,  the 
earths  modify  materially  the  properties  of  each  other. 

Of  the  different  earths,  barytes,  strontites  and  lime 
have  properties  considerably  analogous  to  those  of  the  alka- 
lis. They  are  to  a certain  extent  soluble  in  water ; their 
solution  has  an  acrid  taste,  and  changes  the  vegetable  blue 
and  purple  colours  to  a green.  They  have  hence  been 
named  Alkaline  Earths,  and,  as  has  been  already  remark- 
ed, it  has  even  been  proposed  to  transfer  them  from  the 
class  of  Earths  to  that  of  Alkalis.  They  are  still  on  the 
whole,  however,  more  strictly  connected  with  the  other 
earths  ; and  they  may  be  placed  at  the  head  of  the  order, 
forming  the  transition  from  the  alkalis. 


CHAP.  I. 

OF  BARYTES  AND  ITS  BASE. 

\ 

This  earth  was  discovered  by  the  Swedish  Chemists, 
Scheele  and  Gahn.  It  received  the  name  of  Terra  Pon- 
derosa,  from  the  great  specific  gravity  of  some  of  its  com- 
binations, a name  changed  by  Kirwan  to  that  of  Barytes. 
It  occurs  in  nature  combined  with  sulphuric  acid  and  car- 
bonic acid. 

This  earth  had  always  been  more  peculiarly  supposed  to 
be  of  a metallic  nature,  partly  from  the  great  weight  of 
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its  native  combinations,  and  partly  from  some  of  its  saline 
compounds  proving  poisonous  to  animals.  But  this  re- 
mained a mere  conjecture,  until  the  discovery  of  its  com- 
position by  the  application  of  galvanism.  Mr  Davy  on 
placing  it  slightly  moistened  alone,  or  mixed  with  potash, 
in  the  galvanic  circuit,  obtained  appearances  of  decom- 
position, and  the  evolution  of  metallic  matter.  Following 
the  method  discovered  by  Berzelius  and  Pontin,  of  placing 
the  barytes  in  contact  with  quicksilver,  in  communication 
with  the  negative  side  of  the  galvanic  battery,  the  analysis 
was  more  completely  effected  ; the  quicksilver  had  its  flui- 
dity diminished,  and  on  exposing  it  to  the  air,  it  became 
covered  with  a film  of  barytes.  And  the  experiment  was 
still  more  successful  in  substituting  oxide  of  quicksilver. 
He  thus  obtained  an  amalgam,  from  which  the  quicksilver 
was  separated  by  distillation,  leaving  the  metallic  base  of 
the  barytes,  a substance  which  Mr  Davy  named  Barium, 
and  which,  as  obtained  by  this  experiment,  he  found  pos- 
sessed of  the  following  properties. 

It  is  solid,  of  a white  colour,  with  metallic  lustre,  having 
a resemblance  to  silver.  It  melts  at  a heat  inferior  to  ig- 
nition, but  is  not  volatilized  even  when  heated  to  redness. 
Exposed  to  the  air,  it  tarnishes  rapidly,  and  falls  into  a 
white  powder,  which  is  barytes,  oxygen  being  absorbed. 
Dropt  into  water,  it  immediately  decomposes  it,  evolving 
liydrogen,  and  being  converted  into  barytes.  It  sinks  not 
only  in  water,  but  in  sulphuric  acid,  and  Mr  Davy  sup- 
poses it  to  be  four  or  five  times  heavier  than  water.  It  is 
flattened  by  pressure  strongly  applied.  Mr  Davy  was 
unable  to  ascertain  the  proportion  of  oxygen  with  which 


3.52 


OF  BARYTES 


it  is  combined  in  the  composition  of  the  earth ; but  the 
facts  were  ascertained  that  it  absorbs  oxygen,  gains  weight 
by  this  absorption,  and  that  barytes  in  its  driest  state 
is  the  product  of  this  operation  ; whence  it  follows,  that 
this  earth  is  a compound  of  this  metallic  matter  and  oxy- 
gen. 


Barytes  is  procured  either  from  the  native  carbon- 
ate or  sulphate.  From  the  former  it  is  obtained,  as  Dr 
Hope  first  shewed,  by  urging  it  with  the  powerful  heat 
of  a forge  fire  in  a black  lead  crucible,  the  carbonic  acid 
being  expelled  ; and  by  dissolving  the  residual  matter  in 
water,  the  barytes  may  be  crystallized.  The  sulphate  may 
be  decomposed  by  exposing  it  to  a red  heat  for  two  hours 
in  a covered  crucible,  mixed  with  one-third  its  weight  of 
charcoal.  By  adding  water  to  the  residual  matter,  a com- 
pound of  barytes  with  sulphur  and  sulphuretted  hydrogen 
is  dissolved  ; from  this  the  barytes  may  be  precipitated  in 
the  state  of  carbonate,  by  the  addition  of  carbonate  of  po- 
tash ; or  by  adding  nitric  acid,  nitrate  of  barytes  is  form- 
ed, and  can  be  obtained  crystallized  ; and  either  the  car- 
bonate or  nitrate  thus  procured  can  be  decomposed  by 
exposure  to  a sufficient  heat,  and  the  pure  earth  obtain- 
ed, 

As  afforded  by  these  processes,  barytes  is  in  the  state 
of  a grey,  solid  mass  •,  its  taste  is  extremely  harsh  and  cau- 
stic. Exposed  to  the  air  it  splits,  falls  to  pieces,  and  is  at 
length  reduced  to  a white  powder, — changes  analogous  to 
the  slaking  of  lime,  and  arising  like  it  from  absorption  of 
water. 
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Barytes,  when  combined  with  a portion  of  water,  melts 
when  raised  to  a red  heat ; when  this  is  dissipated,  it  re- 
quires a more  intense  heat  for  its  fusion.  It  appears, 
however,  to  be  the  most  fusible  of  the  earths. 

It  is  soluble  in  water,  and  its  solubility  is  greater  than 
that  of  the  other  earths.  When  it  has  been  obtained  in  a 
solid  dry  mass,  on  adding  to  this  a larger  quantity  of  wa- 
ter than  is  necessary  to  slake  it,  a portion  of  it  dissolves, 
and  afterwards  forms  a congeries  of  transparent  needle- 
like crystals,  which,  according  to  Dr  Hope,  who  observed 
this  phenomenon,  are  flat  six-sided  prisms  acuminated  by 
four  planes.  He  found  them  to  be  soluble  in  1 7.5  of  wa- 
ter, at  the  temperature  of  60.  The  exsiccated  barytes, 
according  to  Vauquelin,  dissolves  in  25  parts  of  cold  wa- 
ter, and  in  twice  its  weight  of  boiling  water,  the  latter 
solution  forming  crystals  on  cooling.  The  crystals  of  ba- 
rytes lose  their  water  on  exposure  to  the  air,  and  they 
suffer  the  same  change  from  the  application  of  heat.  The 
watery  solution  has  a strong  acrid  taste,  and  changes  the 
vegetable  blue  colours  to  a green  ; a film  forms  on  it  when 
it  is  exposed  to  the  air  from  absorption  of  carbonic  acid. 

Baiytes  combines  with  the  acids  j and  as  it  decomposes 
a num  )er  of  the  salts  which  the  alkalis  form  with  the 
acids,  it  has  been  supposed  to  exert  to  them  stronger  at- 
U actions.  These  decompositions  appear,  however,  rather 
to  be  owing  to  the  exertion  of  the  force  of  cohesion,  from 
the  insolubility  of  the  compounds  which  it  forms  with 
these  acids,  than  to  superior  strength  of  affinity : and  in 
the  power  of  neutralizing  the  acid  properties,  it  is  inferior 
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to  the  alkalis,  ahd  to  the  greater  number  of  the  other 

earths. 

\ 

Barytes  unites  by  fusion  with  the  fixed  alkalis,  and  like- 
wise with  several  of  the  earths,  though  there  are  others  of 
them  with  which  it  does  not  combine.  It  combines  with 
several  of  them  in  the  humid  way,  and  communicates  to 
them  solubility,  or  otherwise  modifies  their  properties. 
Thus  it  renders  argil  soluble  in  water,  and  silex  it  enables 
to  combine  with  different  acids. 

Barytes  combines  with  sulphur,  either  by  fusion  or  by 
boiling  them  together  in  water,  and  by  a resulting  affinity 
enables  the  sulphur  to  decompose  the  water.  It  exerts  a 
similar  action  on  phosphorus.  And  it  unites  with  some 
of  the  metallic  oxides. 

A chemical  property  which  has  been  assigned  to  bary- 
tes, as  distinctive  of  it,  is  that  of  its  salts  giving  a precipi- 
tate with  prussiate  of  potash,  a property  not  belonging  to 
the  other  earths,  but  characteristic  of  the  metals.  This 
precipitation,  however,  arises  from  the  impurity  of  the 
prussiate,  and  in  particular  from  its  containing  sulphuric 
acid.  When  pure,  no  immediate  precipitation  is  produc- 
ed by  it  in  the  barytic  salt,  though,  after  a few  hours,  il 
the  solution  is  sufficiently  concentrated,  crystals  of  prus- 
siate of  barytes  are  formed. 

This  earth  exerts  considerable  activity  on  the  living 
system,  and  several  of  its  saline  combinations  prove  even 
poisonous. 


OF  STRONTITES. 


CHAP.  III.  . 

OF  STRONTITES. 

The  native  carbonate  of  strontites,  found  at  the  mine 
of  Strontian  in  Argyleshire,  had  been  considered  as  a va- 
riety of  carbonate  of  barytes,  until  Dr  Hope  shewed  that 
the  earth  it  contains  is  different  from  barytes  and  frqm 
any  other.  He  at  the  same  time  pointed  out  its  princi- 
pal properties  and  chemical  relations.  Klaproth  also 
and  Pelletier  afterwards  demonstrated  the  existence  of 
this  as  a distinct  earth.  It  derives  its  name  from  the  place 
"here  it  was  first  found*  It  has  besides  been  discovered 
native  in  different  countries  in  the  state  of  sulphate. 

The  decomposition  of  this  earth  has  been  effected  by 
submitting  it  to  the  action  of  galvanism,  in  the  same  man- 
ner as  barytes,  and  by  a similar  process  its  base  has  been 
obtained.  I o this  base  Mr  Davy  has  given  the  name  of 
■Strontium.  Its  properties  have  been,  however,  only 
imperfectly  examined.  In  lustre,  colour,  specific  gravity, 
and  other  physical  properties,  it  appeared  to  be  similar  to 
the  metallic  base  of  barytes ; by  exposure  to  the  air  it  is 
converted  into  strontites,  absorbing  oxygen,  and  gaining 
weight  in  this  conversion. 

Strontites  is  obtained  from  either  the  native  carbo- 

Z 2 


356 


OF  STRONTITES. 


nate  or  sulphate,  by  processes  the  same  as  those  which 
have  been  described  under  the  history  ot  barytes.  It  is- 
obtained  crystallized,  by  dissolving  the  dry  solid  mass  in 
boiling  water,  and  allowing  the  solution  to  cool ; crystals* 
are  formed  an  inch  in  length,  the  form  of  which  is  a thin 
quadrangular  table,  or  compressed  prism,  sometimes  be- 
velled at  the  extremities ; they  are  transparent,  but  be- 


come white  and  opaque  on  exposure  to  the  air,  from  los- 
ing their  water  of  crystallization.  The  taste  of  this  earth 
is  less  harsh  than  that  of  barytes,  and  it  is  not  poison- 


ous. 


Crystallized  strontites  exposed  to  heat  liquefies  from 
the  augmented  solvent  power  of  the  water  of  crystalliza- 
tion ; when  this  is  expelled,  the  white  powder  which  re- 
mains cannot  be  fused  even  by  a very  intense  heat. 

Strontites  is  soluble  in  water,  the  crystals  requiring  oO 
parts  at  60°  ; boiling  water  dissolves  half  its  weight  neai- 
ly.  In  its  dry  and  uncrystallized  state,  it  of  course  re- 
quires a much  larger  quantity,  nearly  200  parts  at  60°. 
The  solution  changes  the  vegetable  colours  to  a green. 
This  earth  is  likewise  soluble  in  alkohol. 

Strontites  combines  with  the  acids  forming  salts,  of 
which  some  are  soluble  and  crystallizable ; others  insolu- 
ble. The  same  superiority  in  strength  of  affinity  has 
been  ascribed  to  this  earth  as  to  barytes,  from  its  decom- 
posing the  salts  of  the  alkalis  and  other  earths,  but  this 
arises^ from  the  same  cause,  the  insolubility  of  the  com- 
pounds it  forms  with  the  acids  of  the  salts  in  which  it  oc- 
casions these  decompositions.  Its  salts  aic  in  Btn 
decomposed  by  barytes.  Dissolved  in  alkohol,  they  giva 
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it  the  property  of  burning  with  a blood  red  flame,  a pro- 
perty which  has  been  assigned  as  one  of  those  distinctive 
of  this  earth. 

Strontites  exerts  no  peculiar  action  on  the  alkalis,  nor 
in  general  on  the  other  earths,  though  with  some  of  the 
latter  it  combines  by  fusion.  It  unites  with  sulphur  ; the 
compound  is  soluble  in  water,  and  at  the  same  time  de- 
composes it.  On  phosphorus  its  action  is  similar. 

This  earth  resemble  barytes  in  so  many  of  its  proper- 
ties, that  distinctive  characters  require  to  be  pointed  out, 
by  which  they  may  be  discriminated.  Strontites  is  less 
soluble  in  water  ; the  forms  of  its  crystals  are  different ; its 
■salts,  particularly  the  nitrate. and  muriate,  are  considerably 
more  soluble  in  water,  and  their  solubility  is  augmented 
in  a greater  ratio  by  heat ; they  are  decomposed  by  bary- 
tes ; and  they  give  a blood  red  colour  to  the  flame  of 
combustible  bodies.  Two  re-agents  distinguish  them  in 
their  combinations.  The  watery  solution  of  strontites  is 
not  like  that  of  barytes  precipitated  by  malic  or  gallic 
acid  : and  when  the  salts  of  strontites  are  decomposed  by 
.oxalic  acid,  the  precipitate  is  not  redissolved  by  an  excess 
acid,  as  that  from  the  barytic  salts  is. 
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t <> 

OF  LIME. 

Thi«  earth  exists  in  great  abundance  in  nature,  usually 
in  combination  with  acids.  Its  compound  with  carbonic 
acid  forms  the  numerous  varieties  of  marble,  limestone, 
chalk  and  marl : with  sulphuric  acid  it  forms  gypsum  or 
plaster  stone  ; and  in  these  and  other  saline  combinations 
it  exists  in  the  water  of  springs,  in  the  water  of  the  ocean, 
in  vegetable  and  in  animal  matter. 

Submitted  to  the  action  of  galvanism  in  high  intensity, 
lime  gaVO  indications  of  decomposition  ; and  when  the  me- 
thod described  tinder  the  history  of  barytes  was  employ- 
ed, Mr  Davy  obtained  the  amalgam  of  its  base.  This 
amalgam  exposed  to  the  air  or  to  water,  absorbed  ox)- 
geli,  little  being  reproduced.  In  an  experiment  designed 
to  obtain  the  base  in  an  insulated  state  by  distilling  the 
quicksilver  from  it,  the  tube  broke  while  warm,  and  at  the 
moment  that  the  air  entered,  the  metal,  which  had  the 
colour  and  lustre  of  silver,  took  fire,  and  burnt  with  an 
intense  white  light  into  quicklime.  To  this  base  Mr  Da- 
vy  gave  the  name  of  Calcium. 

Lime  is  obtained  with  most  facility  from  the  native  car- 
bonate, from  which,  by  a strong  heat,  the  carbonic  acid 
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may  be  expelled.  This  process  is  conducted  on  a large  scale 
on  the  different  varieties  of  limestone,  for  the  purposes  to 
which  lime  is  applied.  As  it  is  not  obtained  altogether 
pure,  the  chemist,  to  have  it  in  a state  of  purity,  dissolves 
marble  or  chalk  in  diluted  muriatic  acid,  leaving  an  excess 
of  lime  undissolved  : any  precipitate  afforded  by  the  addi- 
tion of  pure  ammonia  is  separated  j the  solution  is  then  de- 
composed by  carbonate  of  potash  or  soda,  and  the  carbo- 
nate of  lime  being  washed  with  water  and  dried,  is  de- 
composed by  heat. 

Lime  is  white,  moderately  hard  and  brittle  : exposed  to 
the  air  it  quickly  absorbs  water,  which  diminishes  its  co- 
hesion, and  causes  it  to  fall  down  into  a white  powder  ex- 
tremely fine  ; this  is  the  slaking  of  lime.  It  takes  place  ra- 
pidly from  the  affusion  of  water  ; the  quantity  absorbed  is 
equal  to  one-fourth  of  the  weight  of  the  lime  ; and  from  its 
ti  ansition  to  a solid  state  in  combining  with  the  lime,  a 

,arge  quantity  of  caloric  is  evolved,  producing  considerable 
heat. 

Lime  is  infusible ; at  least  it  does  not  melt  in  the  in- 
tense heat  excited  by  the  concentration  of  the  solar  rays 
by  the  most  powerful  burning  mirror,  or  that  excited  in 
the  buning  of  combustible  matter  by  oxygen  gas. 

It  is  soluble  in  water,  the  water  at  G0°  dissolving  about 
3 6' °th  nf  its  weight : at  212°  it  dissolves  double  that  quan- 
tity, depositing  the  excess  as  it  cools.  The  solution,  Lime 
water  as  it  is  named,  has  a strong  styptic  taste,  and  chan- 
ges the  vegetable  blue  and  purple  colours  to  a green.  Ex- 
posed to  the  air,  a film  forms  on  its  surface  from  the  ab- 
sorption of  carbonic  acid,  and  the  whole  of  the  lime  near- 
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ly  is  at  length  precipitated  in  the  state  of  carbonate.  The 
same  absorption  of  carbonic  acid  takes  place  in  dry  lime, 
though  much  more  slowly. 

With  the  acids  lime  combines,  neutralizing  the  acid 
properties.  Its  salts  are  in  general  decomposed  by  potash 
or  soda,  either  of  which  precipitates  the  lime  from  their 
solutions ; but  not  by  ammonia,  probably  from  the  tenden- 
cy which  this  alkali  has  to  form  a ternary  compound  with 
the  acid  and  the  lime. 

Lime  does  not  combine  with  the  fixed  alkalis  by  fu- 
sion, nor  with  barytes  or  strontites ; but  it  unites  eithei  in 
the  humid  way,  or  by  the  application  of  heat,  with  magne- 
sia, argil  and  silex. 

It  combines  with  sulphur  and  with  phosphorus,  lender- 
ing  them  soluble  in  water,  and  capable  of  decomposing  it 
at  a low  temperature.  It  melts  too,  with  several  of  the 
metallic  oxides,  forming  coloured  glasses  •,  it  even  exerts 
affinities  to  several  of  them  in  the  humid  way,  and  in- con- 
sequence of  these  affinities  promotes  the  oxidation  of  the 
metals  themselves  by  the  action  of  air  or  water. 

Of  the  different  earths,  lime  is  most  extensively  used. 
It  is  applied  as  a manure  in  agriculture ; it  forms  the  ba- 
sis of  mortar ; and  in  practical  chemistry,  and  many  of 
the  chemical  arts,  it  admits  of  numerous  applications  from 
its  chemical  agencies. 
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CHAP.  IV. 

OF  MAGNESIA. 

This  eartli,  in  the  state  of  carbonate,  had  been  employe 
ed  in  medicine,  and  had  been  considered  as  analogous  to 
carbonate  of  lime.  Hoffinan  observed,  that  it  formed  with 
sulphuric  acid  a salt  very  different  from  that  formed  by  lime 
with  the  6ame  acid.  And  Dr  Black  discovering  its  princi- 
pal properties,  proved  it  to  be  essentially  different  from  the 
other  earths. 

It  is  not  much  affected  by  galvanism,  probably  from  the 
difficulty  of  rendering  it  a conductor  of  electricity.  But 
when  some  of  its  saline  compounds  are  submitted  in  the 
usual  manner,  in  contact  with  quicksilver,  to  galvanic  action, 
an  amalgam  is  obtained,  which  contains  the  metallic  base 
of  magnesia,  as  this  earth  is  formed  on  its  surface  by  ex- 
posure to  the  air.  From  this  amalgam,  Mr  Davy  found 
it  difficult  to  expel  the  whole  of  the  quicksilver,  the  glass 
tube  in  which  heat  was  applied  to  it  being  acted  on.  In 
one  experiment  a solid  was  obtained,  having  the  white  co- 
lour and  the  lustre  of  the  metallic  bases  of  the  other  earths, 
which  sunk  rapidly  in  water,  producing  magnesia,  and 
was  also  covered  with  a crust  of  magnesia  on  exposure  to 
the  air.  To  this  substance  the  name  of  Magnesium  may 
be  given. 
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Magnesia,  under  .various  states  of  saline  combination, 
exists  in  nature  in  considerable  quantity.  It  is  found,  in 
particular,  in  the  water  of  the  ocean,  united  with  sulphu- 
ric and  muriatic  acids,  and  the  same  salts  frequently  exist 
in  mineral  springs.  From  either  of  them  the  magnesia 
may  be  procured  by  decomposing  them,  by  adding  to  their 
boiling  solution  an  alkaline  carbonate ; the  carbonate  of 
magnesia  is  precipitated,  and  being  thoroughly  washed  and 
dried,  the  carbonic  acid  is  expelled  from  the  magnesia  by 
a red  heat. 

Magnesia  obtained  by  this  process  is  in  the  form  of  a 
white  light  spongy  powder,  very  soft  to  the  touch,  inodo- 

r 

rous,  and  having  a slightly  bitter  taste.  It  slightly  chan- 
ges the  blue  vegetable  colours  to  a green. 

It  is  infusible  when  exposed  even  to  the  most  intense 
fieat.  If  previously  made  into  a paste  with  water,  it  suf- 
fers contraction  when  exposed  to  a sudden  heat. 

It  is  insoluble  in  water ; when  dry-,  it  absorbs  a portion 
of  u-ater,  but  does  not  form  with  it  a ductile  paste. 

Magnesia  combines  with  the  acids  : its  salts  arc  in  ge- 
neral very  soluble  and  crystallizable,  and  have  a very  bit- 
ter taste.  They  are  decomposed  by  the  fixed  alkalis  and 
by  the  alkaline  earths,  the  magnesia  being  precipitated. 
Their  decomposition  by  ammonia  is  partial,  this  alkali  ha- 
ving a tendency  to  form  with  the  magnesia  and  acid  ter- 
nary compounds. 

It  exerts  no  reciprocal  action  with  the  alkalis,  nor  with 
the  alkaline  earths.  It  combines  by  fusion  with  lime,  and 
in  the  humid  way  it  exerts  an  affinity  to  argil,  combining 
with  it,  aud  modifying  its  properties. 


OF  ARGIL. 


363 


It  combines,  though  very  imperfectly,  with  sulphur.  By 
sulphuretted  hydrogen  it  is  dissolved  in  small  quantity. 
On  the  metals  or  metallic  oxides  it  exerts  no  evident  ac- 
tion. 

Magnesia  is  scarcely  applied  to  any  use,  except  in  me- 
dicine as  an  antacid.  Some  of  the  native  combinations  of 

/ 

it  with  other  earths  have  been  used  in  the  manufacture  of 
porcelain. 


CHAP.  V. 

OF  ARGIL. 

This  fearth  is  the  base  of  the  different  clays,  whence  the 
name  of  Argil  lias  been  given  to  it.  Being  likewise  the 
baao  of  the  salt,  known  by  the  name  of  Alum,  it  has  re- 
ceived the  appellation  of  Alumina.  The  former  is  prefe- 
rable, as  less  ambiguous.  Though  it  exists  in  nature  very 
nearly  in  a state  of  purity,  forming  the  sapphire  and  some 
other  gems,  its  state  of  aggregation  in  these  forms  of  if  , 
disguises  its  chemical  properties  ; and  it  is  therefore  as  it 
is  obtained  by  an  artificial  process  that  it  is  usually  de- 
scribed. 

The  decomposition  of  this  earth  by  galvanism  has  been 
very  imperfectly  effected.  The  usual  methods  proved  un- 
successful, and  Mr  Davy  obtained  only  imperfect  indica- 
tions by  another  method, — submitting  the  argil  to  galvanic 
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action  in  fusion  with  potash  or  soda.  The  metallic  mat- 
ter obtained  consisted  principally  of  potassium  or  sodium  ; 
but  with  this  was  evidently  combined  a small  portion  of 
the  base  of  the  argil,  for  when  this  metallic  matter  was 
oxygenated  by  water,  it  produced  not  only  the  alkali,  but 
a minute  quantity  of  this  earth. 

The  artificial  process  by  which  argillaceous  earth  is 
usually  obtained,  consists  in  dissolving  common  alum  in 
water,  and  decomposing  it  by  the  addition  of  ammonia, 
this  combining  with  the  acid  of  the  alum,  and  precipita- 
ting the  argil  which  is  its  base.  To  this  a little  of  the  acid 
may  however  adhere ; and  to  obtain  the  earth,  therefore, 
in  a state  of  perfect  purity,  the  precipitate,  after  having 
been  thoroughly  washed,  is  redissolved  in  nitric  acid,  pre- 
cipitated a second  time  by  ammonia,  and  after  being  wash- 
ed and  dried,  exposed  to  a red  heat. 

Argil,  obtained  by  these  processes,  is  in  the  state  of  a 
light  white  powder,  spongy  and  soft.  It  is  peculiarly  dis- 
tinguished by  forming  with  water  a paste,  which,  when 
kneaded,  is  tenacious  and  ductile ; and  it  is  from  the  pre- 
sence of  this  earth  that  the  natural  clays  derive  their  plas- 
tic quality.  Though  no  sensible  quantity  of  it  is  dissolved 
by  water,  it  forms  with  it  an  imperfect  combination,  the 
loose  precipitate  of  argil,  from  the  decomposition  of  its 
saline  compounds,  being  somewhat  gelatinous  ; and  if  dif- 
fused in  a large  quantity  of  water,  it  retains  a portion  of 
it  in  subsiding,  and  even  in  drying,  forming  a kind  of 
transparent  brittle  mass ; while,  if  precipitated  from  a 
concentrated  solution,  without  being  diffused  in  water,  it 
.forms,  when  dried,  a loose  powder.  The  latter  has  been 


I 


%■ 

OF  AftGIL, 

named  Spongy,  the  former  Gelatinous  Argil;  it  retains 
the  water  it  has  imbibed  so  strongly,  that  even  exposure  to 
a red  heat  does  not  entirely  expel  it. 

The  paste  formed  by  kneading  argil  with  water,  con- 
tracts from  the  application  of  heat ; the  contraction,  as  has 
already  been  stated,  in  considering  the  application  of  this 
to  pyrometry,  continuing  to  proceed  even  at  the  most  in- 
tense heats  long  after  the  whole  of  the  water  has  been  ex- 
pelled. The  clay  at  the  same  time  acquires  a great  de- 
gree of  hardness  from  its  augmented  aggregation.  In  the 
intense  heat  of  the  most  powerful  burning  mirror,  argil 
does  not  melt,  but  the  fusion  of  it  in  minute  quantities 
has  been  effected  by  the  heat  excited  by  a stream  of  oxy- 
gen gas  directed  on  burning  charcoal. 

Argil  combines  with  the  acids,  neutralizing  the  acid 
properties.  Those  of  its  salts  which  are  soluble  have  a 
sweetish,  and,  at  the  same  time,  astringent  taste.  They 
are  decomposed  by  the  alkalis  and  alkaline  earths. 

Argil  combines  more  readily  than  the  other  earths  with 
the  alkalis.  When  its  salts  are  decomposed  by  potash  or 
soda,  an  excess'  of  either  added  redissolves  the  precipitate 
of  argil,  forming  with  the  acid  a ternary  compound. 
They  can  dissolve  argil  alone ; and  tiny  form  with  it  by 
fusion  a species  of  combination,  in  which  the  argil  is  ren- 
dered soluble  in  water. 

Argil  exerts  affinities  to  the  other  earths,  both  in  the 
Rumid  way  and  by  fusion.  Barytes  and  strontites  render 
it  soluble  in  water.  Lime  forms  with  it  an  insoluble  com- 
pound, but  the  argil  in  this  combination  renders  the  lime 
soluble  to  a certain  extent  in  alkaline  liquors.  Lt  also 
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unites  in  the  humid  way  with  silex,  and,  what  is  a’ singular 
effect,  renders  this  earth  soluble  in  acids.  The  combina- 
tion of  argil  with  silex  by  fusion,  forms  the  basis  of  Pot- 
tery and  Porcelain,  at  least  these  two  eartlis  form  the  es- 
sential ingredients,  the  argil  communicating  to  the  mix- 
ture that  plastic  quality,  in  consequence  of  which,  the  paste 
formed  with  water,  when  thoroughly  kneaded,  can  be 
fashioned  and  turned  on  the  lath,  the  silex  preventing 
this  from  contracting  too  much  in  drying,  and  by  the  ac- 
tion exerted  between  it  and  the  argil,  rendering  the  mixture 
capable  of  that  species  of  vitrification  which  forms  Porce- 
lain. 


CHAP.  VI. 

OF  SILEX. 

This  earth  is  one  very  extensively  diffused ; it  forms 
the  principal  constituent  part  of  a number  of  compound 
fossils  ; and  those  in  which  it  predominates  having  usually 
a considerable  hardness,  and  the  silex  itself  being  altoge- 
ther insoluble  in  water,  and  in  its  usual  state  of  aggrega- 
tion not  easily  diffused,  it  remains  when  they  have  been 
disintegrated  or  decomposed  : hence  the  sand  of  rivers 
and  of  the  sea-shore  is  principally  composed  of  it.  Rock 
crystal,  quartz,  and  flint,  are  fossils  in  which  it  exists  al- 
most perfectly  pure,  though  in  these  its  state  of  aggtega- 
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lion  modifies  its  chemical  properties,  which  are  rather 
determined  therefore  from  it  in  the  state  in  which  it  is  ob- 
tained by  an  artificial  process. 

The  decomposition  of  silex  has  been  very  imperfectly 
attained.  It  is  scarcely  by  itself  affected  by  galvanic  ac- 
tion, and  when  submitted  to  it  in  fusion  with  potash,  the 
metallic  matter  obtained  when  exposed  to  the  air,  or 
dropt  into  water,  gave  indications  of  the  regeneration  of 
silex,  so  as  merely  to  warrant  the  conclusion  that  it  had 
been  decomposed,  but  without  affording  more  than  im- 
perfect results. 

The  process  by  which  Silex  is  usually  obtained,  consists 
in  fusing  calcined  flint  with  three  or  four  times  its  weight 
of  sub-carbonate  of  potash.  The  mass,  when  cold,  is  dis- 
solved in  water,  and  diluted  sulphuric  acid  is  added  to  the 
clear  solution  as  long  as  any  precipitation  ensues  ; the  pre- 
cipitate is  thoroughly  washed  with  water,  and  dried. 

Silex  thus  procured  is  in  the  form  of  a light  white  pow- 
der, insipid,  and  gritty  to  the  touch  j when  mixed  with 
water,  it  does  not  form  an  adhesive  paste.  It  is  extreme- 
ly infusible,  not  melting  in  the  intense  heat  excited  by 
oxygen  gas  directed  on  burning  charcoal.  It  melts,  how- 
ever, in  the  flame  of  hydrogen  and  oxygen  gases  mixed. 

It  is  not  dissolved  in  any  appreciable  quantity  by  water, 
yet  there  are  facts  which  prove  its  solubility  to  a certain 
extent  when  this  is  not  counteracted  by  its  aggregation  : 
if  the  solution  of  its  compound  with  potash  be  decomposed 
by  an  acid,  no  precipitate  appears,  if  the  solution  has  been 
previously  very  largely  diluted  with  water,  though  other- 
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wise  it  would  be  apparent;  and  it  exists  in  solution  in 
some  mineral  springs,  in  which  no  substance  that  can 
contribute  to  its  solution  can  be  detected. 

This  earth  is  scarcely  soluble  in  the  acids,  nor  does  it 
form  with  any  of  them  neutral  compounds  analogous  to 
those  formed  by  the  other  earths  and  salifiable  bases,  a 
character  by  which  it  is  peculiarly  distinguished.  By 
fusion  it  combines  with  boracic  and  phosphoric  acid, 
forming  a species  of  glass ; when  in  a state  of  extreme  di- 
vision, muriatic  acid  appears  to  dissolve  a small  quantity. 
Fluoric  acid  is  its  proper  solvent,  dissolving  it  either  when 
the  acid  is  gaseous,  or  when  combined  with  water ; though 
it  is  doubtful  if  the  combination  can  be  established  so  a& 
to  neutralize  the  acid. 

This  earth  combines  with  the  fixed  alkalis.  When 
boiled  on  it  with  water,  a portion  is  dissolved,  and  by 
continuing  the  boiling,  a gelatinous  solution  is  obtained. 
By  fusion,  the  combination  is  established  perhaps  more 
intimately,  and  the  properties  of  the  compound  differ 
much  according  to  the  proportions. 

When  one  part  of  flint  or  quartz  is  fused  with  three 
parts  of  sub-carbonate  of  potash,  the  carbonic  acid  is  ex- 
pelled, and  the  compound  of  silex  and  potash  is  partially 
soluble  in  water;  with  pure  potash  the  combination  is 
more  perfect,  and  the  compound  more  entirely  soluble. 
The  solution  of  silicated  potash,  or  soda,  becomes  gelati- 
nous when  concentrated  by  evaporation.  When  kept  for 
a number  of  years,  crystals  have  been  observed  to  be  de- 
posited from  it,  transparent  and  hard.  It  is  decomposed 
by  all  the  acids,  the  siliceous  earth  being  precipitated. 
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With  a smaller  proportion  of  alkali  the  compound  is 
less  soluble,  and  a stronger  heat  is  required  for  its  vitri- 
fication: it  may  even  be  obtained  altogether  insoluble, 
transparent,  and  possessed  of  considerable  hardness.  Such 
a combination  constitutes  Glass,  the  essential  parts  of 
which  are  siliceous  earth,'  and  potash  or  soda.  The  pro- 
portions are  about  two  parts  of  the  former,  to  from  one 
to  one  and  a half  of  the  sub-carbonate  of  potash  of  com- 
merce : they  are  intimately  mixed,  and  the  mixture  is  ex- 
posed to  a heat  sufficiently  strong  to  expel  the  water  and 
carbonic  acid,  and  effect  art  imperfect  combination.  This 
is  completed  by  afterwards  applying  a stronger  heat,  so  as 
to  produce  perfect  fusion,  the  impurities  and  unvitrified 
matter  being  drawn  off.  The  glass  thus  formed  is  more 
transparent  and  colourless,  as  the  materials  have  been 
pure.  Oxide  of  lead  is  often  added  to  communicate 
gi  eatei  density  and  lustre  ; oxide  of  manganese  to  remove 
the  green  colour  produced  by  iron  ; and  by  the  addition  of 
other  metallic  oxides  in  larger  proportion,  coloured  glasses 
are  formed. 

Silex  exerts  affinities  to  the  other  earths,  and  combines 
with  the  greater  number  of  them  by  fusion,  forming 
glasses  gene)  ally  more  or  less  opaque.  These  affinities  too 
are  frequently  exerted  in  the  humid  way.  Thus  silex  is 
precipitated  fiom  its  solution  in  potash,  by  the  attraction 
exerted  to  it  by  barytes,  strontites,  and  lime. 

Vql.  I.  A a 
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CHAP  VII. 

OF  ZIRCON. 

4 

The  earth  to  which  this  name  has  been  given,  was  dis- 
covered by  Klaproth  in  a fossil,  the  Zircon  or  Jargon, 
brought  as  a gem  from  Ceylon,  and  it  has  since  been  dis- 
covered in  the  hyacinth.  It  is  obtained  from  the  zircon 
by  fusing  it  after  repeated  calcinations  with  potash,  dis- 
solving in  water,  and  adding  to  the  solution  muriatic  acid, 
boiling  it  for  a short  time  to  precipitate  more  effectually 
the  silex,  with  which  the  other  earth  is  combined.  The- 
filtered  liquor  is  decomposed  by  the  addition  of  carbonate 
of  soda ; and  the  carbonate  of  zircon  which  is  precipitated 
from  it  is  dried,  and  the  carbonic  acid  expelled  by  heat. 

This  earth,  submitted  to  the  action  of  galvanism  in  con- 
tact with  potassium,  affords  metallic  matter,  which,  when 
decomposed  by  water,  afforded  a minute  portion  ol  a 
powder,  having  all  the  characters  of  zircon. 

Zircon,  obtained  by  the  above  process,  is  a white  pow- 
der, insipid,  and  rough.  When  exposed,  imbedded  in 
charcoal,  to  the  violent  heat  of  a forge,  it  undergoes  a 
semi-vitrification ; becomes  so\  hard  as  to  give  fire  with 
steel ; has  a brilliant  vitreous  fracture ; and  is  of  a grey 
colour.  Its  specific  gravity  is.  4.3.  When  mixed  with 
water,  it  imbibes  it,  and  forms  a semi-transparent  jelly, 
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and  it  retains  so  much  of  this  in  drying,  as  to  form  a sub- 
stance in  appearance  like  gum. 

It  combines  with  the  acids,  and  forms  salts  in  general 
sparingly  soluble.  Those  which  are  soluble  have  a sweet- 
ish astringent  taste.  Its  affinities  to  the  acids  appear 
weak,  as  its  salts  are  in  general  decomposed  by  a low  heat, 
as  well  as  by  the  alkalis,  and  all  the  other  earths. 

Zircon  is  insoluble  in  the  liquid  alkalis,  but  is  dissolved 
by  the  alkaline  carbonates.  Its  relations  to  the  earths  are 
scarcely  known.  It  may  be  fused  with  silex  and  with 
argil,  and  a mixture  of  these  three  earths  is  more  fusible 
than  a mixture  of  twro  of  them.  It  appears  to  combine 
too  by  fusion  with  some  of  the  metallic  oxides.  On  th<? 
inflammables  it  exerts  no  action. 


CHAP.  VIII. 

OF  GLUCINE. 


This  earth  wras  discovered  by  Vauquelin,  forming  a 
constituent  part  of  the  beryl  and  of  the  emerald.  Its  name 
of  Glucine  is  derived  from  the  property  it  has  of  forming 
salts  having  a sweet  taste.  The  process  by  which  he  ob- 
tained it  from  the  beryl,  was  to  fuse  one  part  of  it  with 
three  parts  of  potash  ; the  mass,  after  cooling,  was  diffused 
in  water,  and  dissolved  in  muriatic  acid : the  solution  is 
evaporated  to  dryness,  and,  on  again  dissolving  in  water, 
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the  silex  present  remains  undissolved.  Tlie  solution  is 
decomposed  by  sub-carbonate  of  potash  : the  precipitate  is 
digested  with  a solution  of  pure  potash  ; the  greater  part 
of  it,  consisting  of  argil,  with  a portion  of  glucine,  is  dis- 
solved ; but  there  remains  a portion  undissolved,  which  is 
the  glucine,  sometimes  coloured  by  oxide  of  iron. 

Mr  Davy,  in  attempting  the  decomposition  of  Glucine, 
obtained  results  similar  to  those  from  zircon,  an  amalgam 
being  formed,  when  it  had  been  placed  in  the  galvanic 
circuit  with  mercury  and  potassium  which  decomposed 
water,  and  which  reproduced  glucine,  when  the  alkali  in 
the  liquid  was  neutralized  by  an  acid. 

Glucine  obtained  pure  is  white,  soft  to  the  touch,  and 
adheres  a little  to  the  tongue : it  is  insipid ; is  infusible ; 
insoluble  in  water,  but  forms  with  it  a paste  which  is 
somewhat  ductile ; this  paste  is  not  hardened  by  heat,  nor 
does  it  contract.  Its  specific  gravity  is  2.96. 

Glucine  combines  readily  with  the  acids  *,  its  salts  are 
generally  soluble,  and  have  a sweet  taste. 

They  are  decomposed  by  the  alkalis  : the  earth  is  even 
completely  precipitated  by  ammonia,  which  distinguishes 
it  from  argil.  It  is  soluble  in  the  fixed  alkalis,  but  not  in 
ammonia ; it  is  dissolved,  however,  in  carbonate  of  ammo- 
nia, forming  a triple  salt, — a property  characteristic  of  it, 
though  possessed  also  by  zircon.  It  decomposes  the  salts 
of  argil.  Its  relations  to  the  other  earths  are  not  known. 
With  borax  it  melts  into  a glass. 
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CHAP.  IX. 

OF  ITTRIA. 

This  earth  was  discovered  by  Gadolin,  a Swedish  che- 
mist, in  a fossil  found  at  Ytterby  in  Sweden,  since  named. 
Gadolinite,  in  which  it  is  combined  with  silex  and  lime. 
It  has  since  been  discovered  in  some  other  fossils.  In  se- 
veral of  its  properties  it  resembles  glucine,  but  it  differs 
entirely  in  others. 

The  process  followed  by  Vauquelin  to  obtain  the  earth 
fiom  the  gadolinite,  was  to  dissolve  it  with  the  assistance 
of  heat  in  diluted  nitric  acid,  pouring  off  the  solution 
from  the  undissolved  silex.  The  liquor  is  evaporated  to 
dryness  ; the  residuum  being  dissolved  in  water,  the  com- 
pound of  nitric  acid  and  ittria  is  obtained : ammonia  is 
cautiously  added;  and  after  the  separation  of  any  oxide  of 
iron  in  yellow  flakes,  a larger  quantity  is  added,  which  pre- 
cipitates the  earth. 

I tiia  is  thus  obtained  in  the  form  of  a white  powder, 
insipid ; it  is  heavier  than  any  other  earth,  its  specific 
giavity  being  4.842.  It  is  not  fusible  alone,  but  with 
borax  it  forms  a white  glass.  It  is  not  soluble  in  water, 
but  it  retains  that  fluid  with  considerable  force. 

Ittria  combines  with  the  acids ; its  salts  have  generally 
i sweetish  taste.  tScvciul  of  them  too  ure  coloured,— a 
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property  in  which  it  differs  from  the  other  earths.  They 
are  decomposed  by  the  alkalis,  by  lime,  strontites,  and 
barytes. 

Ittria  is  not  dissolved  by  the  liquid  alkalis ; nor  do  they 
redissolve  it  when  added  in  excess,  after  having  precipi- 
tated it  from  its  solutions,  which  distinguishes*^  from 
glucine.  It  is  soluble  in  carbonate  of  ammonia,  but  it  re- 
quires a quantity  five  or  six  times  greater  than  glucine 
does.  Prussjate  of  potash  throws  down  from  its  solutions 
a granular  precipitate,  of  a white  or  pearl-grey  colour.  It 
is  precipitated  in  grey  flocculi  by  the  infusion  of  galls  ; but 
very  slightly  by  pure  gallic  acid.  It  is  not  affected  by  sul- 
phuretted hydrogen,  or  hydro-sulphuret  of  ammonia. 

The  great  specific  gravity  of  this  earth,  its  forming 
coloured  salts,  and  being  precipitated  by  the  alkaline  prus- 
siates  and  by  tannin  from  its  solutions,  in  some  measure 
connect  it  with  the  metals,  and  it  probably  ought  to  be 
regarded  as  a metallic  oxide.  It  is  not  reduced,  however, 
to  the  metallic  state  by  heating  it  with  charcoal,  but  it 
runs  with  it  into  a kind  of  semi-fluid  mass,  which  is 
heavier  than  the  earth  itself.  It  has  not  been  submitted 
to  the  action  of  galvanism. 
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OF  ACIDS  AND  THEIR  BASES. 

A cids  form  an  order  of  chemical  agents,  distinguished  by 
very  appropriate  characters,  and  extremely  important  in 
their  chemical  relations,  partly4  from  the  numerous  and 
powerful  affinities  they  directly  exert,  and  partly  from  the 
changes  they  produce  in  bodies  by  the  communication  of 
oxygen.  They  are  compounds  of  inflammable  bases  with 
oxygen  ; and  in  conformity  to  the  arrangement  I have  a- 
dopted,  the  chemical  history  of  these  bases  is  to  be  con- 
nected with  the  history  of  the  individual  acids. 

The  following  are  the  properties  characteristic  of  the 
acids.  They  are  all  sour  to  the  taste ; they  change  the 
blue,  purple  and  red  colours  of  vegetables  to  a red ; they  in 
general  have  a considerable  affinity  to  water,  and  com- 
bine readily  with  it ; they  dissolve  the  metals  ; and  they 
combine  with  the  alkalis  and  earths,  forming  compounds, 
in  which,  when  the  due  proportion  is  observed,  the  pro- 
perties of  the  acid  and  of  the  salifiable  base  with  which  it 
unites  are  mutually  lost. 

1 he  last  property,  that  of  neutralizing  the  properties  of 
alkalis,  is  the  one  most  eminently  characteristic  of  acids  ; 
and  these  two  orders  of  chemical  agents  may  be  consider- 
ed as  in  their  chemical  relations  opposed  to  each  other, 
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the  one  always  weakening  the  powers  of  the  other.  Irt 
combining,  the  acidity  is  diminished  in  proportion  to  the 
power  and  the  quantity  of  alkali  added : the  property  of  al- 
kalinity is  equally  weakened  in  proportion  to  the  quantity 
and  power  of  the  acid  brought  into  combination  ; and  in 
all  these  cases  there  is  a certain  proportion  of  acid  and  of 
alkali,  in  which,  if  the  combination  is  established,  the  pro- 
perties of  neither  are  apparent,  but  are  mutually  neutra- 
lized. The  compound  formed  at  this  proportion,  is  in 
chemical  lanrmao-e  named  a Neutral  Salt.  It  can  always 

O O * 

be  obtained  in  a solid  state,  and  generally  crystallized. 

It  has  usually  been  supposed,  that  an  acid  and  alkali 
have  a tendency  to  combine  more  peculiarly  in  this  pro- 
portion in  which  mutual  neutralization  is  produced  : and 
when  compounds  are  obtained  insulated,  with  an  excess  ei- 
ther of  acid  or  of  alkali,  it  has  been  supposed  that  such 
compounds  do  not  arise  from  the  immediate  combination 
of  the  acid  and  alkali,  but  are  formed  from  an  affinity  ex- 
erted by  the  neutral  salt  to  an  excess  of  either  of  its  ingre- 
dients. There  are  no  just  foundations,  however,  for  such 
an  hypothesis.  The  theory  connected  with  the  most  just 
views  of  the  operation  of  chemical  affinity,  and  most  di- 
rectly inferred  from  the  phenomena,  is  that  an  acid  and  an 
alkali  are  disposed  to  combine  in  every  proportion,  each 
weakening  the  properties  of  the  other,  in  proportion  to  the 
quantity  of  it  present  ; and  that  the  separation  of  the 
compound  takes  place  at  that  stage  of  the  combination 
where  the  force  of  cohesion  is  exerted  with  greatest 
strength  : this  will  generally  coincide  with  the  point  ol 
neutralization,  because  there  the  attractive  power  of  the 
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respective  elements  is  exerted  with  greatest  force,  and  the 
condensation  is  therefore  greatest ; but  where  circumstan- 
ces oppose  this,  or  give  rise  to  a greater  tendency  to  cohe- 
sion at  another  stage  of  the  combination,  the  compound 
may  become  insulated  with  an  excess  of  either  ot  its  in- 
gredients. The  cause  most  commonly  productive  of  this, 
is  that  of  one  of  the  elements  having  a greater  tendency  to 
pass  to  the  solid  form  than  the  other,  this  prevailing  so  far 
as  frequently  to  produce  the  separation  of  the  compound 
with  an  excess  of  this  ingredient.  In  all  these  cases,  how- 
ever, whether  the  compound  is  separated  in  the  neutral 
state  or  not,  the  separation  of  it  in  that  state,  and  of  course 
the  determination  of  the  combination  in  the  proportions  at 
which  this  happens,  is  the  result  of  the  operation  of  exter- 
nal forces  j and  the  immediate  effect  of  the  mutual  affini- 
ty itself  is  to  unite  the  acid  and  alkali  in  all  proportions. 
This  accordingly  is  the  result,  wherever  no  interruption  of 
the  progress  of  the  combination  takes  place  from  the  ope- 
ration of  these  foreign  powers. 

The  relations  of  the  acids  to  the  earths  is  perfectly  simi- 
lar ; they  produce  by  their  combination  mutual  neutrali- 
zation of  properties,  anti  form  compounds  analogous  to 
the  alkaline  neutral  salts;  while  the  combination  is  also 
not  limited  to  this,  but  may  be  established  so  as  to  form 
compounds  with  an  excess  cither  of  acid  or  of  earth. 

'Ihe  different  acids  differ  greatly  in  their  power  of  neu- 
tralizing the  alkalis  and  eart  hs,  so  that  to  produce  the  state 
of  neutralization  very  different  quantities  are  required  ; 
and  conversely  the  alkalis  anti  earths  differ  as  much  from 
each  other  in  their  power  of  neutralizing  the  acids.  Ac- 
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cording  to  the  view  delivered  by  Berthollet,  the  energy  of 
the  respective  affinities  of  the  acids  to  the  alkalis  and  earths 
is  indicated  by  their  relative  powers  of  producing  this  neu- 
tralization, the  different  substances  being  compared  in  the 
same  relative  weights ; as  the  affinities  of  the  different  al- 
kalis and  earths  to  the  acids  may  also  be  judged  of  from 
their  power  of  neutralizing  them, — the  less  of  any  of  these 
substances,  whether  acid,  on  the  one  hand,  or  alkali  or 
earth  on  the  other,  which  is  required  to  neutralize  a given 
quantity  of  another  of  the  opposite  order,  the  stronger 
being  its  -attraction  towards  it.  I have,  at  the  end  of  the. 
chapter  on  Chemical  Attraction,  given  the  tables  of  Kir- 
wan  and  Richter,  which  present  the  results  of  the  experi- 
ments that  have  been  made  on  the  relative  quantities  of 
the  different  acids,  and  the  salifiable  bases  that  are  requi- 
site to  produce  reciprocal  neutralization. 

Pile  action  of  the  acids  on  the  metals  is  more  complica- 
ted. An  acid  does  not  directly  combine  with  a metal} 
the  metal  must  always  be  oxidated.  Hence,  if  it  is  not 
previously  oxidated,  the  first  action  of  the  acid  is  to  com- 
municate oxygen,  either  a portion  of  the  oxygen  which  it 
contains,  or  a portion  of  the  oxygen  of  the  water  present, 
or  sometimes  of  the  atmospheric  air ; and  with  the  oxide 
tlius  formed  the  acid  combines.  The  relation  of  the  oxide 
is  then  precisely  the  same  as  that  of  an  alkali  or  earth  to 
an  acid  ; they  produce  mutual  neutralization  of  properties 
in  the  necessary  proportions,  and  the  compounds  formed 
are  perfectly  analogous  to  neutral  salts.  They  are  named 
Metallic  Salts. 

The  Neutral  Salts,  whether  alkaline,  earthy,  or  me- 
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tallic,  have  certain  properties  as  an  order  by  which  they 
are  characterized,  and  a common  nomenclature  is  applied 
to  them,  which  it  is  necessary  to  explain,  as  the  history  of 
these  compounds,  at  least  those  of  them  formed  from  the 
alkalis  and  earths,  is  connected  with  that  of  the  respective 
acids. 

In  o-eneral  they  are  soluble  in  water,  though  they  differ 
much  in  the  degree  of  solubility : where  more  than  1 000 
parts  of  water  are  required  for  the  solution  of  a salt,  as  the 
quantity  dissolved  is  not  appreciable,  unless  by  a very  ac- 
curate experiment,  such  salts  are  regarded  as  insoluble. 
The  solution  of  salts  in  w ater  is  augmented  by  increase  of 
temperature,  this  weakening  the  force  of  cohesion,  which 
counteracts  the  power  of  attraction  exerted  by  the  water 
to  the  salt,  as  has  been  already  explained.  And  from  the 
various  forces  of  cohesion  in  different  salts,  the  solvent 
power  is  very  unequally  increased  by  the  same  augmenta- 
tion of  temperature. 

A salt  may  be  recovered  from  its  solution  by  c vapor  a-, 
tion  of  the  whole,  or  even  of  part  of  the  solvent.  If  the 
evaporation  has  not  been  carried  too  far,  so  that  cohesion 
is  forcibly  and  irregularly  exerted,  producing  merely  ag- 
gregation of  the  particles,  the  salt  is  procured  in  a crystal- 
lized form,  that  is,  in  small  masses,  transparent,  and  of 
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regular  'geometric  figures,  denominated  Crystals.  Each 
salt  takes  on  a figure  peculiar  to  it,  and  hence  the  figures 
of  the  crystals  serve  to  distinguish  them,  though  these 
are  also  liable  to  be  somewhat  varied  by  circumstan- 
ces. Some  salts  are  crystallized  with  difficulty;  while,  with 
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regard  to  others,  the  crystallization  is  easily  effected,  and 
the  figures  are  regular.  By  slow  or  spontaneous  evapora- 
tion, more  regular  and  larger  crystals  are  formed,  than 
when  it  has  been  hasty.  The  solution  which  remains  af- 
ter a salt  has  crystallized,  contains,  of  course,  a portion  of 
the  same  salt,  which  by  a second  evaporation  may  be  ob- 
tained in  a crystallized  form. 

Crystallized  salts  always  retain  a portion  of  water,  which 
is  essential  to  the  crystal,  the  transparency  and  cohesion 
being  lost  when  it  is  abstracted.  The  quantity  is  very  va- 
rious, and  is  in  some  cases  large,  amounting  to  more  than 
the  weight  of  the  real  salt. 

Fiom  their  lelations  to  wTater,  neutral  salts  derive  some 
of  their  distinctive  properties.  Some  of  them  liquefy, 
from  the  application  of  a moderate  heat,  owing  to  the  sol- 
* en*  power  of  their  water  of  crystallization  being  augment- 
ed,* and  accordingly,  when  this  is  dissipated  by  a con- 
tinuance of  the  heat,  a dry  mass  remains.  This  is  named 
the  Watery  Fusion  of  Salts,  and  takes  place  principally 
in  those  which  contain  a large  quantity  of  water.  Some, 
when  heated  quickly,  decrepitate  from  the  sudden  conver- 
sion into  vapour  of  the  small  quantity  of  water  of  crystal- 
lization they  contain.  The  crystals  of  many  salts  lose 
their  transparency  from  exposure  to  the  air,  arc  covered 
with  a crust,  and  at  length  fall  into  powder.  This,  which 
is  named  Efflorescence,  arises  from  the  abstraction  of  their 
water  of  crystallization  by  the  air.  Other  salts  attract  wa- 
ter from  the  air,  so  as  to  become  humid,  and  at  length 
liquid.  Ibis  property,  named  Deliquescence,  arises  from 
the  strong  attraction  of  these  salts  to  water. 
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It  remains  to  explain  the  nomenclature  of  the  acids  and 
of  the  compound  salts  which  they  form. 

Acids  being  regarded  as  compounds  of  oxygen  with 
certain  bases,  the  name  of  each  is  derived  from  the  base 
of  which  it  is  formed.  But  as  this  base  is  often  capable 
of  combining  with  two  proportions  of  oxygen,  rind  of 
forming  two  acids  different  from  each  other,  these  must 
be  distinguished,  and  this  is  done  by  a variation  in  the 
termination  of  the  name,  the  syllable  ic  being  the  final 
one,  when  the  acid  is  the  one  which  contains  the  lamer 
proportion  of  oxygen,  and  ous  where  it  contains  the  small- 
er proportion.  Thus  sulphur,  by  combination  with  oxy- 
gen in  two  proportions,  forms  two  acids  j the  term  Sul- 
phur is  the  radical  whence  their  names  are  derived ; the 
one,  that  with  the  less  dose  of  oxygen,  is  the  Sulphurous 
Acid  ; the  other,  the  Sulphuric.  We  have  thus  also  the 
Phosphorous  and  the  Phosphoric,  Nitrous  and  Nitric,  &c. 

Where  the  base  gives  rise  to  only  one  acid,  the  name 
terminates  in  ic,  as  in  the  example  Carbonic  Acid.  The 
acids  belonging  to  the  vegetable  and  animal  kingdoms 
have  a compound  base,  from  which  the  name  cannot  be 
derived ; it  is  taken,  therefore,  from  the  substance  from 
which  they  are  formed  or  prepared,  as  the  Cipic,  Malic, 
Prussic,  8tc. 

The  nomenclature  of  the  salts,  formed  by  the  union  of 
the  acids  with  the  alkalis,  earths,  and  metallic  oxides,  is 
equally  systematic.  All  the  salts  formed  from  one  acid 
arc  considered  as  a genus,  under  which  are  placed  as 
species  the  individual  salts,  formed  by  the  union  of  that 
acid  with  these  different  bases.  The  generic  name  is  de- 
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rived,  therefore,  from  the  name  of  the  acid;  the  specific 
name  from  that  of  the  base.  When  the  name  of  the  acid 
of  which  the  salt  is  composed  is  that  which  terminates  in 
icy  the'  final  syllable  of  the  name  of  the  salt  is  city  or  ra- 
ther, as  Mr  Chenevix  has  remarked,  ate  ,•  when,  again, 
the  name  of  the  acid  terminates  in  ous,  that  of  the  salt 
formed  from  it  has  the  last  syllable  ite.  Thus,  all  the 
salts  formed  from  sulphuric  acid,  constitute  a genus  to 
which  the  name  Sulphate  is  applied,  and  the  species  are 
designated  by  the  addition  of  the  name  of  the  base,  as  the 
Sulphate  of  Soda,  Sulphate  of  Potash,  Sulphate  of  Lime, 
Sulphate  of  Iron.  Those,  again,  formed  by  the  sulphu- 
rous acid,  are  named  Sulphites,  as  the  Sulphite  of  Ammo- 
nia, &e.  .On  the  same  principle,  we  have  Nitrates  and 
Nitrites,  Phosphates  and  Phosphites,  Muriates,  Carbo- 
nates, &c. 

Salts  are  sometimes  formed  with  an  excess  of  acid 
or  of  base ; and  to  denote  these  a method  was  pro- 
posed by  Dr  Pearson,  which  has  been  adopted.  The 
genus  being  formed  from  the  acid,  when  there  is  an  ex- 
cess of  acid  in  a salt,  the  epithet  super  is  prefixed  to  the 
name,  "when  a deficiency  of  acid,  the  epithet  sub.  We 
thus  speak  of  the  Super-sulphate  of  Potash,  the  Sub-car- 
bonate of  Soda,  Stc. 

Where  an  acid  is  united  with  two  bases,  as  is  some- 
times the  case,  the  names  of  both  bases  enter  into  its 
name, — as  the  Sulphate  of  Argil  and  Potash,  or  the  Tar- 
trate of  Potash  and  Soda. 
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Acids,  as  has  been  already  stated,  have  in  the  modern 
system  of  chemistry  been  regarded  as  compounds  of  oxy- 
gon with  certain  bases,  and  this  appeared  to  be  establish- 
ed by  a very  ample  induction,  resting  both  on  analytic 
and  synthetic  chemical  investigations.  Without  invalidat- 
ing it  to  a certain  extent,  its  universality  has  lately  been 
rendered  doubtful,  and  the  singular  proposition  appears  to 
be  supported  by  Mr  Davy’s  researches,  that  there  exists 
an  acidifying  principle  different  from  oxygen,  and  even 
superior  to  it  in  energy  of  action.  Oxy-muriatic  acid,  as 
it  has  been  named,  a substance  hitherto  regarded  ae  a 
expound  of  oxygen  and  muriatic  acid,  Mr  Davy  has 
found  reason  to  conclude,  contains  no  oxygen,  but  is 
a simple  substance.  It  belongs  to  the  same. class  with 
oxygen,  in  a chemical  arrangement  j it  displays  the  same 
relation  to  galvanic  electricity,  being  attracted  to  the  posi- 
tive side  of  a galvanic  arrangement,  and  being  therefore 
itself  negative ; and  on  the  hypothesis,  adds  Mr  Davy,  of 
the  connection  of  chemical  attraction  with  electrical 
powers,  all  its  energies  of  combination  correspond  with 
those  of  a body  supposed  to  be  negative  in  a high  degree. 
In  combining  with  inflammable  substances,  it  forms  acid 
compounds  : muriatic  acid,  for  example,  is  a compound  of 
it  with  hydrogen,  and  other  acid  products  are  formed  by 
other  combinations.  The  statement  of  the  evidence  on 
which  these  conclusions  rest,  belongs  to  the  history  of  this 
substance,  and  of  muriatic  acid.  It  is  sufficient  to  have 
given  this  brief  view,  as  connected  with  the  theory  of  aci- 
dity,  and  in  considering  the  revolutions  which  chemical 
science  at  present  undergoes,  we  can  scarcely  suppose  that 
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this  is  the  ultimate  stage  of  the  investigation.  There  is 
some  improbability  in  the  supposition  of  the  existence  of 
two  acidifying  principles,  and  discovery  may  in  no  long- 
time unfold  new  relations  amid  these  singular  facts,  and 
lead  perhaps  to  a more  simple  theory. 

If  these  conclusions,  however,  were  established,  they 
would  lead  perhaps  to  a different  view  of  the  theory  of 
acidity.  This  in  the  present  chemical  system  is  suppos- 
ed to  be  a property  more  peculiarly  derived  from  oxygen. 
But  it  is  possible  that  it  may  be  a property  derived  rather 
from  the  bases  which  form  acids,  developed  only  by  the 
combination  of  these  bases  with  principles  which  commu- 
nicate to  them  solubility  and  greater  energy  of  chemical 
action,  and  appearing  wherever  the  substances  producing 
this  effect  arc  not  such  as  neutralize  acidity  itself.  Oxy- 
gen is  the  element  that  usually  gives  rise  to  this  result ; but, 
according  to  this  view,  it  may  arise  from  the  action  of 
others,  from  hydrogen  for  example ; and  the  production 
of  acidity  in  sulphuretted  hydrogen,  which  has  always 
been  regarded  as  anomalous,  may  thus  be  accounted  for. 

I he  acidifying  operation  of  oxy-muriatic  acid,  if  it  is  a 
simple  substance,  and  exert  such  an  operation,  will  fall  to 
be  explained  from  the  same  principle.  And  the  singular 
fact,  that  the  acid  powers  of  oxymuriatic  acid  (supposing 
it  to  be  a compound  of  muriatic  acid  and  oxygen)  are  in- 
ferior to  those  of  muriatic  acid,  is  equally  in  conformity  to 
this  theory,  while  it  is  undoubtedly  adverse  to  the  hypo- 
thesis, that  acidity  is  derived  from  oxygen. 
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CHAP.  I. 

OF  NITRIC  ACID,  AND  THE  OTHER  COMBINATIONS  OF 
NITROGEN  WITH  oxygen. 


Nitric  Acid,  long  known  to  chemists  in  a state  of 
gi eater  or  less  puiity,  is  a compound  of  oxygen  and  nitro- 
gen ; and  the  piopeities  of  nitrogen  having  been  already 
considered,  the  history  of  the  acid  itself;  and  of  the  other 
compounds  which  nitrogen  forms  with  oxygen,  remains  to 
be  delivered  under  this  chapter.  With  a smaller  propor- 
tion of  oxygen  than  what  enters  into  the  composition  of 
nitiic  acid,  a compound  is  formed,  having  no  acid  pro- 
perties, denominated  therefore  Nitric  Oxide.  With  a 
still  smaller  proportion,  another  compound  of  uniform 
composition  is  produced,  named  Nitrous  Oxide.  And 
when  nitric  acid  has  imbibed  a portion  of  nitric  oxide,  it 
acquires  some  peculiar  properties,  and  in  this  state  has  re- 
ceived the  distinctive  appellation  of  Nitrous  Acid. 
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Sect.  I. — Of  Nitric  Acid. 

This  acid  being  capable  of  being  extracted  without 
much  difficulty  from  a salt  in  which  it  exists,  common 
nitre,  had  been  long  known  to  the  chemists,  and  in  a di- 
luted state  had  been  used  in  the  chemical  arts,  under  the 
name  of  Aquafortis.  Priestley  observed  its  partial  de- 
composition, and  its  reproduction  from  the  union  of  nitric 
oxide  the  product  of  that  decomposition,  with  oxygen. 
Cavendish  discovered  its  ultimate  composition,  and  proved 
that  nitrogen  is  its  base. 

This  was  done  by  a very  simple  experiment, — taking 
the  electric  spark  for  a considerable  time  in  atmospheric 
air,  confined  in  a tube.  The  air  suffered  diminution  of 
volume,  an  acid  was  produced,  and  this  acid  was  found  to 
be  the  nitric.  If  a portion  of  oxygen  gas  were  added  to 
the  atmospheric  air,  and  the  electric  spark  continued  suf- 
ficiently long,  the  disappearance  of  the  whole  was  nearly 
complete,  and  a similar  result  was  obtained,  from  submit- 
ting to  experiment  a mixture  ol  oxygen  and  nitrogen 
oases.  In  all  these  cases,  the  electric  spark  establishes 
the  combination  of  the  gravitating  matter  of  the  two 
gases,  and  the  principal  peculiarity  which  attends  this  is 
the  slowness  with  which  it  takes  place,  and  its  not  being 
accompanied  with  any  sensible  extrication  of  heat  or  light. 

The  combination  is  effected  in  other  modes,  in  which 
the  gases  are  presented  in  their  nascent  state,  as  in  pass- 
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ing  the  vapour  of  ammonia  over  black  oxide  of  manga- 
nese raised  to  a red  heat. 

Analysis  likewise  establishes  the  composition  of  nitric 
acid.  If  it  be  passed  through  an  ignited  glass  or  earthen 
tube,  it  is  resolved  into  oxygen  and  nitrogen  gases ; its 
saline  compounds  exposed  to  a red  heat  afford  the  same 
elements ; and  its  oxygen  can  be  abstracted  by  inflamma- 
ble substances,  its  nitrogen  being  evolved  either  pure,  or 
retaining  a portion  of  oxygen  combined  with  it,  which  by 
farther  operations  may  be  abstracted. 

The  proportions  of  its  principles  have  been  variously 
stated.  Those  assigned  by  Cavendish  were  72.2  of  oxy- 
gen, with  27.8  of  nitrogen ; and  Mr  Davy  has  stated 
them  not  far  different  from  these,  at  70.5  oxygen,  and 
29.5  of  nitrogen. 

This  acid  is  always  obtained  from  the  decomposition  of 
nitic,  a salt  in  which  it  exists  combined  with  potash,  and 
the  piocess  usually  followed  is  that  by  the  medium  of  sul- 
phuiic  acid.  Two  parts  of  nitre  in  coarse  powder  are 
put  into  a retort,  and  rather  more  than  one  part  of  sul- 
phuric acid  is  poured  upon  it,  the  retort  being  placed  in  a 
sand  bath,  and  connected  with  a large  receiver.  A mo- 
del ate  heat  is  applied  to  produce  distillation,  and  towards 
the  end  is  gradually  raised.  The  sulphuric  acid  combines 
uitli  the  potash  of  the  nitre,  and  disengages  the  nitric 
acid,  this  decomposition  being  effected  partly  from  the 
gieatei  volatility  of  the  nitric  than  of  the  sulphuric  acid, 
and  partly  from  the  affinity  of  the  sulphuric  acid,  aided  by 
the  quantity  in  which  it  is  employed,  this  quantity  being 
greater  than  that  required  to  saturate  the  potash  of  the 
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nitre,  and  the  residual  mass  containing  therefore  a con- 
siderable excess  of  acid.  The  nitric  acid,  however,  when 
disengaged,  is  also  partially  decomposed;  losing  a little  of 
its  oxygen,  a portion  of  it  passes  to  the  state  of  nitric  ox- 
ide, and  this  being  absorbed  by  the  acid  which  distils 
over,  gives  it  a yellow  colour  more  or  less  deep,  or  con- 
verts it  into  nitrous  acid.  This  decomposition  appears  to 
arise  in  a great  measure  from  the  action  of  the  high  tem- 
perature, and  hence  it  takes  place  principally  towards  the 
end  of  the  distillation. 

In  consequence  of  it,  an  additional  process  is  requisite  to 
obtain  nitric  acid.  The  coloured  acid  is  exposed  to  a 
gentle  heat,  applied  by  a water  bath  ; the  nitric  oxide 
holding  a portion  of  nitric  acid  combined  with  it  is  ex- 
pelled, and  it  becomes  at  length  nearly  colourless ; or, 
what  succeeds  more  completely,  the  nitrous  acid  is  distill- 
ed from  a little  black  oxide  of  manganese,  which  impart- 
ing to  it  oxygen,  converts  it  into  nitric. 

Nitric  acid  is  colourless  and  transparent : it  emits  white 
vapours,  having  a peculiar  odour.  Its  specific  gravity  is 
from  155  to  158.  It  has  all  the  acid  properties,  tastes 
sour  even  when  much  diluted,  reddens  the  vegetable  co- 
lours, and  neutralizes  the  properties  of  the  alkalis  and. 
others.  It  contains  in  the  strongest  state  in  which  it  has 
been  obtained  a quantity  of  water  ; the  precise  proportion 
is  not  very  easily  estimated,  but  Kinvan  has  inferred  that 
in  the  strongest  acid  that  can  be  procured,  that  of  the 
specific  gravity  of  1.5543,  at  60°,  the  water  is  equal  to  26, 
in  1 00  parts. 

This  acid  freezes  by  cold,  the  facility  of  congelation  va* 
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lying  considerably,  according  to  its  state  of  concentration: 
if  it  is  highly  concentrated,  or  if,  on  the  other  hand,  it  is 
much  diluted,  it  freezes  with  more  difficulty  than  when  of 
intermediate  strength.  It  is  volatilized  by  heat,  and  par- 
tially decomposed,  and  at  the  temperature  of  ignition,  the 
decomposition  is  complete,  and  it  is  resolved  into  oxygen 
and  nitrogen  gases.  A partial  decomposition  of  it  is  also 
effected  by  light ; oxygen  is  expelled,  and  it  passes  to  the 
state  of  nitrous  acid. 

t 

Nitric  acid  has  a considerable  affinity  to  water : it  at- 
tracts it  from  the  atmosphere,  and  it  combines  with  it  in 
every  proportion.  In  consequence  of  this  affinity,  too,  it 
acts  with  energy  on  ice  and  snow,  liquefying  them  rapid- 
ly, and  thus  producing  intense  cold. 

The  affinity  between  the  elements  of  this  acid  not  being 
powerful,  it  is  decomposed  by  a number  of  metallic  and 
inflammable  substances  which  attract  its  oxygen  partially 
or  completely  and  in  consequence  of  this  facility  with 
which  it  yields  oxygen,  it  acts  with  much  energy  on  these 
substances. 

It  combines  with  the  alkalis,  earths  and  metallic  oxides, 
forming  salts,  denominated  Nitrates.  These  are  uniform- 
ly soluble  in  water  and  crystallizable  ; they  have  a cool  pe- 
netrating taste ; are  decomposed  at  a high  temperature, 
affording  oxygen,  and  in  consequence  of  this  deflagrate, 
when  heated  with  combustible  bodies. 

Nitrate  of  Potash  is  the  salt  well  known  by  the 
name  of  Nitre,  or  Saltpetre.  In  warm  climates  it  is,  un- 
der certain  circumstances,  formed  spontaneously  at  the 
suiface  ol  the  soil  j it  is  thus  procured  in  India,  whence 
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the  nitre  we  use  is  imported.  In  some  countries  of 
Europe,  the  production  of  it  is  favoured  by  artificial  ar- 
rangements. Vegetable  and  animal  substances,  with  an 

» 

intermixture  of  old  plaster,  mortar,  or  other  forms  of  car- 
bonate of  lime,  are  put  into  ditches  lined  with  clay,  and 
covered  with  sheds  to  protect  them  from  the  rain,  while 
the  air  is  admitted.  They  are  turned  up  occasional])', 
and  at  the  end  of  a few  months,  when  washed  with  water, 
afford  nitrates  of  potash  and  lime.  A quantity  of  wood 
ashes  is  added  to  the  solution,  the  potash  of  which  decom- 
poses the  nitrate  of  lime,  and  increases  the  product  of  ni- 
trate of  potash ; this  salt  is  obtained  in  crystals  by  evapo- 
ration, and  is  purified  from  a portion  of  muriate  of  soda 
and  other  saline  matter  which  adheres  to  it,  by  repeated 
solutions  and  crystallizations. 

As  the  nitre  does  not  pre-exist  in  these  materials,  and 
as  indeed  a fresh  quantity  may  be  obtained  by  exposing 
them  again  under  the  same  circumstances  to  the  air,  it  is 
obvious  that  it  is  formed  in  the  process.  It  has  been  as- 
certained, that  to  the  mixture  of  animal  and  vegetable 
matter,  the  addition  of  carbonate  of  lime  is  necessary,  and 
the  admission  of  the  atmospheric  air  is  indispensable. 
The  theory  of  the  process  probably  is,  that  the  nitrogen 
of  the  animal  matter  combines  with  the  oxygen  of  the  air, 
and  perhaps  with  a portion  of  the  oxygen  of  the  vegetable 
matter,  and  forms  the  acid  : the  carbonate  of  lime  may 
favour  this  combination  by  the  resulting  affinity  exerted 
by  the  lime,  and  it  will  attract  the  acid  as  it  is  formed  : the 
vegetable  matter  moderates  the  decomposition  of  the  ani- 
mal substances,  and  prevents  their  running  into  that  pu- 
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trcfaction  by  which  the  nitrogen  is  spent  in  the  formation 
of  ammonia ; it  may  farther  afford  the  potash,  which  is 
the  base  of  the  nitre,  though  it  has  also  been  supposed 
that  a part  of  this  is  formed  in  the  process.  A certain  de- 
gree of  humidity  favours  the  mutual  actions  whence  these 
combinations  arise,  and  diffuses  more  equally  through  the 
materials  the  nitrous  salts. 

Nitre  crystallizes  in  six-sided  prisms  acuminated  by 
six  planes ; its  taste  is  cool ; it  is  soluble  in  seven  parts  of 
water  at  60°,  a production  of  cold  attending  its  solution, 
and  in  an  equal  weight  of  boiling  water.  It  melts  easily : 
if  the  heat  be  raised,  a partial  decomposition  of  the  acid 
takes  place,  and  oxygen  gas  is  expelled  ; and  at  the  tem- 
perature of  full  ignition,  the  decomposition  is  more  com- 
plete, and  oxygen  and  nitrogen  gases  are  disengaged. 

It  is  from  this  facility  of  decomposition  by  heat  that 
nitre  produces  deflagration,  as  has  been  already  explain- 
ed, its  oxygen  being  communicated  to  any  inflammable 
body  with  which  it  is  exposed  even  to  a moderate  heat, 
with  such  rapidity  that  the  phenomena  of  combustion  are 
produced.  It  is  from  this  that  it  is  the  principal  ingre- 
dient in  the  composition  of  gun-powder,  which  consists  of 
75  parts  of  it  by  weight  with  16  of  charcoal,  and  9 of  sulphur. 
These  ingredients  are  reduced  to  a state  of  perfect  inter- 
mixture by  continued  trituration,  a small  quantity  of  wa- 
ter being  added  to  favour  this ; the  paste  into  which  the 
composition  is  at  length  brought,  is  granulated  by  press- 
ing it  through  a sieve,  and  the  grains,  after  they  are  dry, 
are  rounded  and  glazed  by  friction  from  agitation.  The 
deflagration  of  the  gun-powder,  when  an  ignited  spark 
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falls  on  it,  is  of  course  owing  to  the  rapid  commu- 
nication of  the  oxygen  to  the  sulphur  and  the  char- 
coal, the  sulphur  in  particular  being  easily  inflamed; 
and  its  great  expansive  force  depends  on  the  sudden  ex- 
trication of  the  aerial  products, — sulphureous  acid  and 
carbonic  acid  formed  by  the  oxygenation  of  the  sulphur 
and  charcoal,  and  nitrogen  from  the  decomposition  of  the 
acid,  probably  with  watery  vapour,  the  elasticity  of  these 
being  increased  by  the  caloric  rendered  sensible.  Another 
detonating  composition  still  more  powerful  than  gun-pow- 
der, of  which  nitre  is  the  principal  ingredient,  is  that 
named  Pulvis  Fulminans.  It  consists  of  three  parts  of 
nitre,  two  of  sub-carbonate  of  potash,  and  one  of  sulphur 
triturated  together  : when  heated,  it  explodes  with  a very 
loud  report.  Its  detonation  appears  to  be  owing  to  the 
formation  of  sulphuret  of  potash,  which,  re-acting  oil  the 
water  contained  in  the  salts,  disengages  sulphuretted  hy- 
drogen, and  this  presented  in  its  nascent  state  to  the  oxy- 
gen of  the  nitre,  forms  sulphurous  acid  and  watery  vapour 
in  a state  of  high  elasticity  from  the  caloric  disengaged. 

Nitrate  of  Soda  crystallizes  in  rhomboidal  prisms. 
Its  taste  is  cool  and  penetrating ; it  slightly  attracts  mois- 
ture from  the  air ; it  is  soluble  in  three  parts  of  water  at  the 
temperature  of  60,  and  in  an  equal  weight  of  boiling  wa- 
ter ; it  is  scarcely  So  fusible  as  the  nitrate  of  potash,  but  is 
decomposed  by  heat  in  the  same  manner,  and,  like  it,  ex- 
cites deflagration  when  heated  with  inflammable  sub- 
stances. 

Nitrate  of  Ammonia  crystallizes  in  slender  prisms  of 
lour  sides  acuminated  by  four  planes ; or,  if  the  solution 
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has  been  farther  evaporated  in  indistinct  crystals,  which, 
when  aggregated,  form  a compact  mass,  retaining  less 
water  of  crystallization  than  the  more  regular  crystals. 
Its  taste  is  cool  and  bitter ; it  is  deliquescent,  and  soluble 
in  two  parts  of  cold  water,  and  half  its  weight  of  boiling 
water.  Exposed  to  a moderate  heat,  it  undergoes  the 
watery  fusion,  and  the  water  of  crystallization  is  expelled  ; 
if  the  heat  is  increased,  it  is  decomposed,  and  if  raised  to 
ignition,  with  a sudden  detonation  from  the  combination 
of  the  oxygen  of  the  acid  with  the  hydrogen  of  the  am- 
monia. This  happens  at  temperatures  above  600 : at 
temperatures  below  this,  between  300  and  500,  the  de- 
composition proceeds  more  slowly ; the  products  are  ni- 
trous oxide  and  watery  vapour,  and  it  is  from  this  decom- 
position that  nitrous  oxide  is  obtained  in  its  purest  form. 

Nitrate  of  Barytes  is  obtained  by  dissolving  the  native 
carbonate  in  diluted  nitric  acid : the  solution,  by  evapora- 
tion, crystallizes  in  octaedrons,  or  in  small  brilliant  plates : 
its  taste  is  styptic  and  pungent:  it  is  not  much  altered  by 
exposure  to  the  air:  when  crystallized,  it  is  soluble  in  10 
or  12  parts  of  water  at  60°,  and  in  3 or  4 parts  of  boilino 
water.  It  is  decomposed  by  heat,  its  acid  being  convert- 
ed into  oxygen  and  nitrogen  gases.  It  detonates,  but 
feebly,  with  inflammable  bodies. 

Nitrate  of  Strontites  is  formed  by  pouring  diluted 
nitric  acid  on  the  native  carbonate.  The  solution,  by 
evaporation,  affords  crystals,  either  hexaedral  pyramids, 
oi  octaedrons.  1 bis  salt  is  soluble  in  its  own  weight  of 
water  at  60° ; and  at  212°  it  dissolves  in  little  more  than 
hail'  its  weight.  It  is  deliquescent  in  a humid  atmos- 
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phere ; in  a dry  atmosphere  it  effloresces.  It  is  decom- 
posed by  heat,  and  it  deflagrates  feebly,  when  laid  on 
burning  fuel. 

Nitrate  of  Lime  is  generally  found  in  those  situations 
in  which  nitrate  of  potash  is  formed.  It  is  obtained  pure 
by  the  direct  combination  of  its  principles.  When  the  so- 
lution is  evaporated  to  the  consistence  of  a syrup,  it 
affords  slender  prismatic  crystals,  deliquescent,  and  soluble 
in  less  than  an  equal  weight  of  water  at  the  temperature 
of  60,  and  in  still  less  boiling  water.  They  are  also  solu- 
ble in  alkohol.  Exposed  to  heat,  they  undergo  the  watery 
fusion,  and  are  decomposed,  the  acid  being  expelled.  By 
having  been  heated  it  becomes  phosphorescent,  and  re- 
tains this  property  when  cold.  When  thrown  on  burning 
fuel,  it  melts,  and  detonates  slightly. 

Nitrate  of  Magnesia  has  a taste  bitter  and  acrid. 
Its  crystallization  exhibits  a mass  of  small  needle-like 
crystals  : by  spontaneous  evaporation,  it  concretes  in  quad- 
rangular prisms : it  is  deliquescent ; is  soluble  in  its  own 
weight  of  water  at  60°,  and  in  half  its  weight  of  boiling- 
water  : it  is  also  soluble  in  alkohol.  By  exposure  to  heat, 
it  is  decomposed  : its  acid  being  partly  expelled,  partly  re- 
solved into  its  constituent  principles. 

Nitrate  of  Argil. — The  solution  of  argil  in  nitric 
acid  becomes  gelatinous  on  evaporation,  and  soft  crystal- 
line scales  arc  formed.  This  has  generally  an  excess  of 
acid : its  taste  is  sour  and  astringent:  it  is  easily  soluble  in 
water,  and  deliquesces  on  exposure  to  the  air.  It  is  de- 
composed by  heat.  The  nitrates  formed  from  the  remain- 
ing earths  have  been  little  examined,  and  are  ol  no  impor- 
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tance.  The  solution  of  Zircon  in  the  acid  affords  a trans- 
parent resinous-like  matter,  not  easily  dried,  having  an 
astringent  taste.  That  of  Glucine  cannot  be  crystallized, 
but  by  evaporation  forms  a gelatinous  mass,  which  is  very 
deliquescent.  Nitrate  of  Ittria  assumes  a gelatinous 
consistence  by  evaporation,  and  becomes  brittle  when  this 
jelly  cools.  Its  taste  is  sweet  and  astringent. 


Sect.  II. — Of  Nitrous  Acid. 

The  name  of  Nitrous  Acid  is  given  to  the  yellow  acid 
obtained  by  distillation  in  the  usual  process  of  decom- 
posing nitre  by  sulphuric  acid  ; and  it  has  been  remarked, 
that  it  owes  its  yellow  colour  to  the  presence  of  a portion 
of  nitric  oxide.  When  this  is  disengaged  by  applying  a 
moderate  heat,  it  becomes  colourless,  and  if  nitric  oxide  is 
transmitted  through  it  in  this  state,  it  regains  its  colour, 
this  being  more  or  less  deep,  according  to  the  quantity 
communicated. 

Strictly  speaking,  therefore,  there  is  no  acid  of  deter- 
minate composition  to  which  the  name  Nitrous  can  be 
properly  applied.  What  is  called  such  is  nitric  acid 
holding  nitric  oxide  dissolved  ; and  the  quantity  of  this 
may  be  variable,  and  even  indefinite,  between  the  mini- 
mum and  maximum.  According  to  the  quantity  com- 
municated, the  colour  is  deeper.  From  a proportion  not 
exceeding  1.2  of  nitric  oxide  by  weight  in  100  parts,  a 
pale  yellow  colour  is  communicated ; this,  as  the  quantity 
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is  increased,  passes  through  shades  of  bright  yellow  t© 
dark  orange,  in  which  the  proportion  of  nitric  oxide 
amounts  to  about  5.5  $ beyond  this  an  olive  colour,  and 
then  a bright  green,  verging  at  length  into  blue,  is  obtain- 
ed, and  if  the  transmission  of  the  nitric  oxide  gas  be  con- 
tinued longer,  it  communicates  its  elasticity  to  the  liquid 
acid,  and  the  whole  rises  in  very  dense  red  suffocating 
vapours.  The  acid  obtained  by  distillation  from  nitre  and 
sulphuric  acid  is  usually  of  a pale  yellow  colour : but  if 
the  heat  has  been  raised  very  high  towards  the  end  of  the 
process,  it  is  of  a deeper  colour ; and  if  any  inflammable 
matter  has  been  contained  in  the  materials,  it  is  of  a dark 
orange  red. 

The  colours  which  the  acid  assumes  from  this  impreg- 
nation of  nitric  oxide,  are  likewise  considerably  dependent 
on  its  state  with  regard  to  dilution.  If  the  dark  orange- 
coloured  acid  be  mixed  with  water,  the  different  shades 
are  produced,  with  a large  quantity  of  water,  blue,  with 
more  acid,  olive,  and  bright  green.  These  colours  are 
not  permanent ; the  oxygen  loosely  dissolved  in  the  water, 
or  imbibed  from  the  atmosphere,  oxygenating  the  nitric 
oxide,  and  bringing  the  whole  to  the  state  of  nitric  acid. 

The  nitric  acid,  by  these  combinations  with  nitric 
oxide,  has  its  specific  gravity  diminished ; a pale  acid  of 
1.52,  when  converted  into  yellow'  acid,  becoming  nearly 
of  the  specific  gravity  of  1.51. 

Nitrous  acid  in  its  relations  to  other  chemical  agents  is 
similar  to  the  nitric  acid.  It  oxidizes  in  the  same  manner, 
and  with  the  same  phenomena,  inflammable  bodies  and 
metals,  and  combines  with  the  metallic  oxides.  These 
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combinations  are  indeed  merely  those  of  the  nitric  acid,  as 
the  nitrous  oxide  is  disengaged  during  the  process. 

The  compounds  of  nitrous  acid  with  the  alkalis  or 
earths  cannot  be  obtained  by  direct  combination  ; for 
when  it  is  added  to  any  of  these  bases,  the  greater  part  of 
the  nitric  oxide  is  expelled.  Some  of  them  can  however  be 
obtained  in  an  indirect  mode,  by  a process  pointed  out  by 
Scheele,  that  of  exposing  a nitrate,  as.  that  of  potash,  to 
such  a heat  as  partially  decomposes  the  nitric  acid,  and  ex- 
pels part  of  its  oxygen.  The  remaining  acid  with  a por- 
tion of  nitric  oxide  exists  in  combination  with  the  alkaline 
base,  and  these  are  probably  to  be  regarded  as  triple  com- 
pounds of  these  principles.  They  are  named  Nitrites. 
Berthollet  observed  that  the  nitrate  of  potash  treated  in 
this  way  became  alkaline,  so  as  to  render  green  the  syrup 
of  violet,  and  that  when  an  acid  was  poured  upon  it,  effer- 
vescence happened,  and  nitrous  acid  vapour  was  disenga- 
ged. The  others  have  not  been  examined  very  particular- 
ly, but  the  above  characters  appear  to  belong  to  all  of 
them.  On  exposure  to  the  atmosphere  they  absorb  oxy- 
gen, and  return  to  the  state  of  nitrates. 

As  the  chemical  properties  and  agencies  of  the  nitric  and 
nitrous  acids  are  so  much  alike,  the  latter  is  generally  used 
in  the  arts,  and  indeed  for  most  of  the  purposes  to  which 
the  other  might  be  applied,  as  it  is  more  easily  procured. 
The  acid  also,  for  the  greater  number  of  purposes  for 
which  it  is  used,  must  be  diluted,  and  in  this  dilution  it 
soon  passes  to  the  state  of  nitric.  The  aquafortis  of  com- 
merce is  a nitric  acid  diluted,  and  generally  impure  from 
the  admixture  of  muriatic  and  sulphuric  acids. 
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Sect.  II  I. — Of  Nitric  Oxide. 

During  the  action  of  diluted  nitric  acid  on  metals,  a 
species  of  elastic  fluid  is  disengaged,  which  was  first  obser- 
ved by  Hales,  and  afterwards  examined  by  Priestley,  who 
gave  it  the  name  of  Nitrous  Air,  or  Nitrous  Gas,  a name 
not  sufficiently  distinctive,  as  being  equally  applicable  to 
another  elastic  fluid,  and  for  which,  therefore,  that  of  Ni- 
tric Oxide  Gas  has  been  substituted.  It  is  a compound  of 
oxygen  and  nitrogen,  containing  a smaller  proportion  of 
oxygen  than  nitric  acid.  Its  formation,  therefore,  in  the 
above  processes,  is  due  to  the  metal  abstracting  a portion 
ot  the  oxygen  of  the  acid,  the  nitric  oxide  assuming  the 
elastic  form. 

It  is  not  always  evolved  pure,  the  abstraction  of  oxygen 
sometimes  proceeding  to  a greater  extent,  and  portions  of 
nitrous  oxide  or  nitrogen  gas  being  evolved.  It  is  obtained 
in  the  state  of  greatest  purity  in  the  action  of  diluted  ni- 
tric acid  on  quicksilver  or  copper  ; one  part  of  the  concen- 
trated acid  being  diluted  with  four  or  five  parts  of  water, 
and  poured  on  copper-filings  in  a retort ; on  applying  a 
very  moderate  heat,  the  copper  decomposes  the  acid  by 
attracting  oxygen,  and  nitric  oxide  gas  is  disengaged. 

The  relation  of  this  elastic  fluid  to  nitric  acid  is  not  on- 
ly established  by  the  nature  of  the  process  by  which  it  is 
obtained,  its  composition  is  likewise  established  by  its  ana- 
lysis. By  taking  the  electric  spark  in  it,  it  is  converted  in- 
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to  nitrogen  gas,  and  nitrous  acid.  When  exposed  to  the 
action  of  substances  exerting  a strong  attraction  to  oxy- 
gen, it  is  partially  or  entirely  decomposed.  Thus  by  the 
action  of  iron  or  zinc,  of  phosphorus,  or  charcoal,  it  is 
converted  either  into  nitrogen  gas,  the  whole  of  its  oxygen 
being  abstracted,  or  into  nitrous  oxide,  part  of  it  only  being 
removed.  From  these  analytic  experiments,  Mr  Davy  fix- 
ed the  proportions  of  the  principles  of  this  compound  at 
56  of  oxygen,  and  44-  of  nitrogen  by  weight. 

Nitric  oxide  is  permanently  elastic,  colourless,  and  there- 
fore invisible.  It  is  rather  heavier  than  atmospheric  air, 

■ 

the  proportion  being  nearly  as  100  to  92.  Its  specific 
gravity  is  0.00136.  100  cubic  inches  of  it  weigh  34.3 

grains. 

. It  proves  extremely  deleterious  to  animal  life.  Warm- 
blooded animals  die  almost  immediately  on  a full  inspira- 
tion of  it,  and  the  irritability  of  the  heart  is  destroyed. 
Insects  which  live  in  several  other  noxious  gases,  are  quick- 
ly killed  by  immersion  in  it,  and  fishes  die  in  water  im- 
pregnated with  it.  It  proves  even  noxious  to  vegetable 
life,  the  leaves  of  a growing  plant  soon  becoming  withered 
in  it,  and  the  plant  dying. 

Exposed  to  distilled  water,  a portion  of  it  is  absorbed 
equal,  when  the  water  lias  been  previously  freed  from  air 
by  boiling,  to  11.8  cubic  inches,  by  100  of  water.  The 
gas  is  again  expelled  unchanged  at  a temperature  of  212°. 
By  common  spring  water,  a larger  quantity  is  absorbed, 
the  nitric  oxide  being  in  part  converted  into  nitric  acid, 
by  the  oxygen  which  water  holds  loosely  dissolved. 

When  the  water  is  impregnated  with  certain  metallic 


400 


OF  NITRIC  OXIDE. 


salts,  as  with  the  green  sulphate  or  green  muriate  of  iron, 
it  condenses  a much  larger  portion  of  nitric  oxide  gas. 
This  has  been  supposed  owing  to  a decomposition  of  the 
gas,  its  oxygen  being  attracted  by  the  metallic  salt  j and  in 
confirmation  of  this,  it  has  been  observed,  that  a portion 
of  nitrogen  exists  in  the  residual  gas.  Vauquelin  and 
Humboldt  concluded,  that  these  changes  are  even  more 
complicated,  one  portion  of  the  nitric  oxide,  according  to 
the  view  they  gave,  attracting  oxygen  from  the  water,  so 
as  to  form  nitric  acid,  and  the  nitrogen  of  another  portion 
of  it  uniting  with  the  hydrogen  of  the  decomposed  water 
and  forming  ammonia.  Mr  Davy,  however,  has  found  rea- 
son to  conclude  from  liis  experiments,  that  the  gas  is 
merely  absorbed  : if  the  action  of  the  atmospheric  air  be 
carefully  excluded,  he  finds  that  the  liquid  has  no  sensible 
acidity,  and  the  nitric  oxide  gas  may  be  procured  from  it 
again  unchanged,  either  by  the  removal  of  pressure  by  the 
air-pump,  or  by  applying  a very  moderate  heat.  It  is  on- 
ly if  the  air  is  admitted  that  nitric  acid  and  ammonia  are 
formed.  The  residuum  of  nitrogen  observed,  he  supposes 
to  be  merely  that  which  had  been  mixed  with  the  nitric 
oxide,  and  foreign  to  it  ; and  this  therefore  affords  a mode 
of  determining  the  purity  of  nitric  oxide  gas. 

Nitric  oxide  gas  has  no  acid  properties.  Its  solution  in 
water,  freed  from  air,  docs  not  taste  sour,  nor  does  it  red- 
den the  vegetable  colours.  Neither  does  this  happen  from 
the  introduction  of  the  gas  itself,  previously  washed  in  wa- 
ter, to  vegetable  coloured  infusions.  The  colour,  how- 
ever, is  impaired. 

Nitric  oxide  gas  is  capable  of  supporting  combustion  in 
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some  substances  only,  and  in  them  only  at  an  elevated  tem- 
perature. A lighted  taper  immersed  in  it  is  extinguished, 
as  is  sulphur  introduced  in  a state  of  inflammation.  Phos- 
phorus may  be  fused  in  it  without  burning ; but  if  intro- 
duced in  a state  of  active  combustion,  it  burns  with  great 
splendour.  Pyrophorus  burns  in  it  at  a low  temperature. 
Charcoal  suspended  in  it  in  a state  ofignition,  burns  feebly. 

With  oxygen  nitric  oxide  gas  combines  with  great  faci- 
lity, and  this  forms  its  most  important  and  characteristic 
property'.  They  instantly  combine,  and  a red  coloured 
vapour  is  produced,  which,  if  the  experiment  be  made 
over  water,  is  immediately  absorbed,  leaving,  if  the  gases 
be  pure,  no  residuum  ; and  what  is  singular  in  so  rapid  a 
combination  of  oxygen,  no  sensible  emission  of  light  at- 
tends the  combination,  and  so  little  caloric  is  rendered  sen- 
sible, that  the  vessel  scarcely  becomes  sensibly  warm  to  the 
hand.  The  phenomena  are  similar  when  nitric  oxide  gas 
is  presented  to  atmospheric  air  ; the  oxygen  is  condensed, 
and  if  the  due  proportions  have  been  observed,  the  nitro- 
gen of  the  atmospheric  air  remains  pure. 

From  the  application  of  this  combination  to  eudiome- 
trical  experiments,  it  is  an  object  of  considerable  impor- 
tance to  determine  with  precision  the  proportions  in  which 
these  gases  combine  so  as  to  produce  mutual  condensation. 
But  this  has  been  found  very  difficult ; results  extremely 
discordant  have  been  given  on  different  authorities,  some 
fixing  the  quantity  of  oxygen  condensed  at  100,  by  200 
measures  of  nitric  oxide  gases ; others  finding  that  250,  or 
even  300  of  the  latter,  are  condensed  by  100  of  the  former. 
Vol.  I.  * C c - 
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These  differences  arise  from  this  circumstance,  that  oxy- 
gen and  nitric  oxide  are  capable  of  combining  in  different 
proportions,  or  rather,  that  although  there  is  one  propor- 
tion in  which  they  are  mutually  saturated,  the  compound 
which  results  from  this  proportion  is  capable  of  absorbing 
variable  proportions  of  nitric  oxide,  and  these  are  mate- 
rially determined  by  the  circumstances  under  which  the 
combination  takes  place.  The  presence  of  water,  in  par- 
ticular, by  condensing  the  product,  has  a very  important 
influence.  If  it  is  entirely  excluded,  as  by  combining  the 
two  gases  in  an  exhausted  globe,  there  is  scarcely  any  con- 
densation ; an  elastic  product  of  a red  colour  is  formed, 
and  this  may  admit  variable  quantities  of  oxygen  or  of  ni- 
tric oxide  into  the  combination.  But  if  water  be  admit- 
ted to  condense  the  elastic  fluid,  it  does  so  during  the  pro- 
gress of  the  combination  itself,  determines  the  proportions, 
therefore,  in  which  this  takes  place,  and  renders  these  pro- 
portions different,  as  it  is  more  or  less  freely  admitted. 
The  larger  the  surface  of  water  is  over  which  the  mixture 
is  made,  the  less  oxygen  enters  into  combination  with  the 
nitric  oxide,  probably  from  the  circumstance,  that  when  a 
narrow  surface  of  water  is  exposed  to  the  mixture  the  ab- 
sorption is  slow,  and  the  progress  of  the  combination  con- 
tinues towards  saturation,  while,  when  the  surface  is  large, 
it  is  absorbed  as  it  takes  place,  and  before  the  proportion 
in  which  the  nitric  oxide  is  saturated  is  fully  established. 
And,  on  the  same  principle,  agitation,  and  even  the  order 
in  which  the  gases  are  presented  to  each  other,  have  an  in- 
fluence on  the  results. 
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Tin's  property  of  nitrous  gas  of  combining  with  oxygen 
gas  at  natural  temperatures,  and  forming  a compound 
quickly  absorbed  by  water,  has  been  applied  to  the  pur- 
pose of  eudioriietry,  and  it  has  some  advantages.  The 
combination  takes  place  so  rapidly,  that  the  result  is  imme- 
diately obtained,  and  it  requires  no  complicated  appara- 
tust  It  was  introduced  by  Dr  Priestley,  and  since  his 
time  has  been  used  in  different  forms.  It  has  always, 
however,  been  found  very  difficult  to  employ  it,  so  as  to 
obtain  accurate  results,  owing  to  its  being  so  much  influen- 
ced by  circumstances,  which  determine  the  combination 
as  above  explained.  Hence  it  was  nearly  relinquished. 
Mr  Dalton,  however,  has  lately  given  it  a preference  to 
any  other,  as  more  expeditious,  and  capable  of  being  ren- 
dered equally  correct.  He  has  observed,  that  nitric  oxide 
gas  may  be  combined  with  oxygen  gas,  so  as  to  form  ei- 
ther nitric  acid,  or  nitrous  acid  ; 36  measures  of  it  unit- 
ing with  21  to  form  the  former,  and  72  uniting  with 
21  to  form  the  latter  : the  combination  in  either  pro- 
portion is  determined  by  the  manner  of  making  the  expe- 
riment ; and  to  give  accuracy  to  the  result  as  a eudiome- 
tvical  process,  it  must  be  conducted  in  such  a manner  as 
to  form  nitric  acid  or  nitrous  acid  wholly,  and  without  a 
mixture  of  the  other.  The  former  he  has  found  to  be  most 
easily  and  most  accurately  effected.  “ In  order  to  this,  a 
narrow  tube  is  necessary  ; one  that  is  just  wide  enough  to 
let  air  pass  water,  without  requiring  the  tube  to  be  agita- 
ted, is  best.  Let  little  more  nitrous  gas  than  is  sufficient 
fo  form  nitric  acid  be  admitted  to  the  oxygenous  mis  ; let 
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no  agitation  be  used,  and  as  soon  as  the  diminution  ap- 
peals to  be  over  for  a moment,  let  the  residuary  gas  be 
transferred  to  another  tube,  and  it  will  remain  without  any 
further  diminution  of  oxygen.  Then  -^ths  of  the  loss  will 
be  due  to  oxygen.”  In  making  the  experiment,  therefore, 
on  atmospheric  air  , add  36  measures  of  nitric  oxide  gas  to 
100  of  air;  conduct  the  experiment  as  above  directed; 
ascertain  the  diminution  of  volume,  and  having  multiplied 
this  by  -^p  the  product  indicates  the  proportion  of  oxygen 
which  the  air  had  contained.  “ The  tube  which  Mr  Dal- 
ton uses  is  represented  Fig.  20.” 

Another  method  of  applying  nitric  oxide  gas  to  eudio- 
metry  was  introduced  by  Mr  Davy,  that  of  using  solu- 
tions of  sulphate  or  muriate  of  iron  impregnated  with  it, 
these  absorbing  the  oxygen  of  atmospheric  air  very  quick- 
ly, and  producing  a diminution  equal  to  21  in  100  parts. 
An  apparatus  for  employing  these  solutions  in  eudiome- 
trical  experiments  has  been  invented  by  Mr  Pepys,  the  li- 
quid being  put  into  an  elastic  gum  bottle,  which  is  con- 
nected by  a glass  tube,  when  the  experiment  is  to  be  made, 
with  a graduated  tube  containing  the  air  ; by  pressing  the 
bottle,  the  liquid  is  made  to  act  on  the  air  with  a degree 
of  compression,  which  favours  the  result.  The  method  is 
however  rather  complicated  for  common  use,  at  least  when 
we  have  others  equally  accurate  and  more  simple.  ' 
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Sect.  IV. — Of  Nitrous  Oxide. 

This,  the  last  of  the  compounds  of  oxygen  and  nitro- 
gen, was  discovered  by  Dr  Priestley,  who  gave  it  the  name 
of  Dephlogisticated  Nitrous  Air.  Mr  Davy  first  obtain- 
ed it  in  a state  of  purity,  and  to  him  we  are  indebted  for 
our  knowledge  of  its  most  singular  properties.  He  gave 
it  the  more  concise  appellation  of  Nitrous  Oxide. 

It  is  obtained  by  various  processes,  in  which  nitric  oxide 
or  nitric  acid  is  partially  decomposed,  as  by  exposing  ni- 
tric oxide  gas  to  the  action  of  iron-filings  moistened  with 
water,  of  iron-filings  and  sulphur,  or  of  the  alkaline  sulphu- 
rets ; and  it  is  also  disengaged  in  a state  of  mixture  with 
nitrogen  and  nitric  oxide  during  the  solutions  of  some  of 
the  metals  in  nitric  acid.  But  the  process  by  which  it  is 
obtained  most  easily  and  in  greatest  purity,  is  in  the  de- 
composition of  nitrate  of  ammonia  by  heat.  This  salt,  in 
the  different  states  of  crystallization  in  which  it  exists,  is 
decomposed,  so  as  to  afford  this  product  at  different  tem- 
peratures, intermediate  between  320°  and  500°.  Above 
600°  the  decomposition  takes  place  with  an  explosion,  and 
the  evolution  of  other  products,  principally  water,  nitrous 
acid,  nitric  oxide,  and  nitrogen  gas.  But  this  can  be 
guarded  against,  by  the  due  regulation  of  the  heat  applied 
by  a lamp  to  the  salt  in  a tubulated  retort,  raising  it  quick- 
ly to  the  requisite  temperature,  taking  care  not  to  exceed 
500  > andj  in  particular,  not  to  raise  it  so  high  as  to  pro- 
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duce  a luminous  appearance  in  the  retort.  The  nitrous 
oxide,  with  watery  vapour,  are  disengaged ; the  latter  con- 
denses in  the  neck  of  the  retort ; the  former  is  received 
over  water,  as  not  much  of  it  is  immediately  absorbed ; it 
is  generally  white,  and  a little  opaque,  from  a small  por- 
tion of  the  nitrate  of  ammonia  being  volatilized ; but  this 
is  soon  absorbed  by  the  water,  and  it  becomes  transpa- 
rent. 

In  this  process  the  nitric  acid  and  the  ammonia  of  the 
salt  both  suffer  decomposition  ; the  hydrogen  of  the  am- 
monia attracts  a portion  of  the  oxygen  of  the  acid  and 
forms  water,  and  the  remaining  oxygen  is  just  sufficient, 
when  combined  with  the  nitrogen  of  the  acid  and  the  ni- 
trogen of  the  alkali,  to  form  this  compound,  nitrous  oxide. 
Accordingly  water  and  nitrous  oxide  gas  are  the  sole  pro- 
ducts, if  the  temperature  has  not  been  raised  too  high  to 
cause  the  operation  of  other  affinities.  Estimating  the  pro- 
portions of  the  elements  of  this  compound  from  its  forma- 
tion, Mr  Davy  states  them  at  62.4  of  nitrogen,  and  37.6 
of  oxygen  ; and  from  its  analysis  by  detonation  with  hy- 
drogen, or  by  burning  charcoal  in  it,  he  finds  them  to  be 
almost  the  same,  63  of  the  one  element,  and  37  of  the 
other.  With  this  the  estimation  of  its  composition  by  the 
Dutch  Chemists  agrees ; the  proportions  they  give  being 
62.5  nitrogen,  and  37.5  oxygen. 

Nitrous  oxide  is  permanently  elastic.  Its  specific  gra- 
vity is  to  that  of  atmospheric  air  as  161  to  100.  100  cu- 
bic inches  weigh  50.1  grains.  Its  taste  is  sweetish.  Its  o- 
dour  is  very  faint. 

This  gas  is  absorbed  by  water ; the  water,  at  a mean 
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temperature,  and  under  an  atmospheric  pressure,  takes  up 
about  half  its  bulk  ; on  boiling  the  solution,  the  gas  is  gi- 
ven out  unchanged  •,  the  solution  has  a sweetish  taste,  and 
a slight  odour,  not  disagreeable ; neither  it  nor  the  gas 
changes  the, vegetable  colours.  It  is  likewise  absorbed  by 
alkohol  and  by  ether,  communicating  a sweet  taste  ; it  is 
again  expelled  by  heat,  and  in  part  by  the  addition  of  wa- 
ter. 

Nitrous  oxide  gas  suffers  no  diminution  of  volume,  nor 
any  change  of  properties,  when  mixed  with  oxygen,  nitro- 
gen, or  hydrogen  gas.  At  ignition,  it  detonates  with  hy- 
drogen. It  is  decomposed  at  a high  temperature,  as  by 
transmitting  the  electric  spark  through  it,  or  passing  it 
through  an  ignited  earthen  tube,  and  is  converted  into  ni- 
trous acid,  and  oxygen  and  nitrogen  gases. 

This  gas  is  powerful  in  supporting  combustion.  A light- 
ed taper  burns  in  it  with  an  enlarged  and  bright  flame ; 
phosphorus  with  a dazzling  white  light ; sulphur  with  a 
vivid  rose-coloured  flame  ; and  iron-wire  with  corrusca- 
t-ions.  A higher  temperature,  however,  is  required  for 
these  combustions,  than  for  the  burning  of  the  same  bo- 
dies in  oxygen  gas  or  atmospheric  air.  During  the  com- 
bustion, a portion  of  nitrous  acid  is  produced  along  with 
the  product  of  the  oxygen  izement  of  the  combustible  body. 

The  operation  of  this  elastic  fluid  on  the  animal  system, 
when  it  is  received  into  the  lungs,  is  scarcely  analogous  to 
that  of  any  other  physical  agent.  It  had  been  believed  to 
be,  in  common  with  the  greater  number  of  the  gases,  fatal 
to  life.  Mr  Davy  found  that  it  could  he  breathed  with 
safety,  and  in  his  farther  experiments  on  it,  discovered 
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the  singular  effects  it  produces.  After  a few  inspirations 
of  it  have  been  made,  it  causes  a sense  of  lightness  and 
expansion  in  the  chest,  and  a pleasurable  sensation  be- 
gins to  extend  over  the  whole  body ; this  increases,  and 
is  accompanied  with  a desire  to  inhale  the  gas ; respira- 
tion theiefore  becomes  fuller,  and  is  performed  with  more 
energy.  Exhilaration  is  soon  produced ; and  if  the  respi- 
ration is  continued  sufficiently  long,  a crowd  of  indistinct 
ideas,  often  in  very  singular  combinations,  pass  through 
the  mind  ; there  is  an  irresistible  propensity  to  laughter 
and  to  muscular  exertion,  and  violent  exertions  are  made 
with  alacrity  and  ease.  These  effects,  after  the  inspira- 
tion has  ceased,  continue  for  four  or  five  minutes,  or 
sometimes  longer  ; they  gradually  subside,  and  what  is  not 
the  least  of  these  singularities,  the  state  of  the  system  re- 
turns to  its  usual  standard,  and  from  this  high  excitement 
no  subsequent  languor  or  exhaustion  is  felt.  Its  operation 
is  not  however  uniform  on  different  individuals  : its  ef- 
fects occur  in  various  combinations  ; they  are,  as  may  be 
easily  supposed,  more  readily  excited  in  some  than  in 
others  ; and  where  much  susceptibility  has  existed,  alarm- 
ing or  unpleasant  symptoms  have  been  produced.  Warm- 
blooded animals  confined  in  the  gas,  die  in  a few  minutes, 
frequently  with  previous  symptoms  of  excitement ; and 
fishes  die  in  water  impregnated  with  it.  The  gas  appears 
during  its  respiration  to  be  absorbed  by  the  blood  : this 
fluid  acquires  a purple  colour,  and  after  death  the  mus- 
cles are  found  inirritable.  No  satisfactory  hypothesis  can 
be  advanced  with  regard  to  its  operation. 
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Nitrous  oxide  can  be  combined  with  the  fixed  alkalis, 
by  an  indirect  process  discovered  by  Mr  Davy.  It  con- 
sists in  exposing  sulphite  ol  potash  or  soda,  mixed  with 
pure  potash  or  soda,  to  nitric  oxide  gas  •,  the  sulphite  at- 
tracts oxygen  from  the  nitric  oxide,  and  convertsi  it  into 
nitrous  oxide,  which,  as  it  is  formed,  combines  with  the 
alkali,  and  the  compound  is  separated  by  solution  and 
crystallization  from  the  other  saline  matter.  These  com- 
pounds, to  which  Mr  Davy  gave  the  name  of  Nitroxides, 
are  soluble,  and  have  a sharp  taste  •,  they  cause  inflamma- 
ble substances  to  burn  or  deflagrate  when  heat  is  applied, 
and  afford  nitrous  oxide  when  decomposed  by  the  acids, 
or  bv  heat. 

v 


CHAP.  II. 

OF  SULPHURIC  ACID  AND  ITS  BASE. 

J I 

Sulphur  is  the  base  of  sulphuric  acid.  When  sulphur 
is  combined  with  an  inferior  proportion  of  oxygen,  it 
forms  sulphurous  acid.  United  with  hydrogen  in  differ- 
ent proportions,  it  forms  at  least  two  compounds,  sulphur 
retted  hydrogen  and  super-sulphuretted  hydrogen.  Jt 
farther  combines  with  the  alkalis  and  earths.  The  chemi- 
cal history  of  all  these  forms  the  subject  of  the  present 
chapter. 
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Sect,  I .—Of  Sulphur. 


This  inflammable  substance  exists  in  the  mineral  king- 
dom, both  in  a state  of  combination  and  in  a pure  form. 
In  the  latter  state,  it  is  principally  a volcanic  production, 
though  native  sulphur  likewise  occurs,  which  cannot  be 
supposed  to  have  this  origin.  It  exists,  too,  in  small  quan- 
tity in  vegetable,  and  animal  products. 

Volcanic  sulphur  affords  the  greater  part  of  the  sulphur 
of  commerce.  It  is  usually  purified  by  sublimation,  and 
the  sulphur  is  thus  obtained  in  the  form  of  a light  powder 
of  a yellow  colour.  This  is  easily  fused,  aud  forms  a so- 
lid mass,  biittle,  and  displaying  somewhat  of  a crystalline, 
structure,  and  by  slow  cooling  it  may  be  obtained  in 
needle-like  crystals.  By  precipitating  sulphur  from  its 
combination  with  an  alkali  by  an  acid,  it  is  obtained 
neai  ly  white,  as  it  is  also  by  dropping  water  on  it  when 
in  fusion,  or  subliming  it  into  a vessel  filled  with  watery 
vapoui  ; this  whiteness  has  hence  been  ascribed  to  the 
combination  of  a small  portion  of  water. 

Sulphur  melts  at  a temperature  of  224°,  and  a pheno- 
menon nearly  peculiar  to  it  is  displayed  in  its  fusion.  If 
id'tei  it  is  fully  melted,  the  heat  be  continued,  or  even  raised, 
instead  of  flowing  thinner,  it  becomes  thick,  and  this 
thickening  continues  progressive,  as  the  temperature  rises 
even  through  a range  of  nearly  200  degrees,  until  it  be- 
come quite  viscid.  The  thickening,  according  to  Dr  Ir- 
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vine’s  experiments,  commences  at  226°  of  Fahrenheit,  and 
continues  to  increase  to  550,  at  which  temperature  the 
sulphur  sublimes.  It  is  quite  independent  of  the  action 
of  the  air,  and  does  not  therefore  arise  from  oxygenation, 
and  indeed  depends  on  no  permanent  change,  as  by  mere- 
ly reducing  the  temperature,  the  liquidity  is  recovered, 
and  the  experiment  may  be  repeated  on  the  same  sulphur 
a number  of  times.  If  poured  when  viscid  into  water,  it 
remains  for  a time  soft  and  tough,  anti  it  may  be  made  to 
take  the  impression  from  a mould. 

Sulphur  rises  in  vapour,  at  a temperature  not  much 
higher  than  that  at  which  it  melts.  If  the  air  be  admit- 
ted, it  burns  at  a temperature  of  about  300,  with  a pale 
blue  flame,  and  the  production  of  pungent  suffocating 
flames.  If  the  heat  be  raised,  its  combustion  is  more  vi- 
vid, as  it  is  also  in  oxygen  gas.. 

In  its  combustion,  sulphur  combines  with  two  propor- 
tions of  oxygen,  forming  two  acids.  The  principal  pro- 
duct is  a gaseous  acid,  Sulphurous  acid  gas  as  it  is  named; 
but  there  is  always  formed  with  this  a portion  of  a liquid 
acid  not  volatile,  containing  a larger  proportion  of  oxygen, 
the  sulphuric  acid.  The  proportions  of  these  are  various, 
according  to  the  circumstances  of  the  combustion,  the 
quantity  of  sulphuric  acid  being  greater  as  oxygen  is  more 
freely  supplied. 

Sulphur  combines  with  hydrogen,  and  this  combina- 
tion, too,  appears  to  be  established  in  different  propor- 
tions. It  unites  with  other  inflammables,  and  with  the 
greater  number  of  the  metals.  It  combines  with  the  al- 
kalis and  alkaline  earths,  acquiring  from  their  action  so- 
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lubility  in  water,  and  the  power  of  decomposing  it.  It  al- 
so enters  into  combination  with  their  metallic  bases. 

Sulphur  had  usually  been  regarded  as  a simple  sub- 
stance: but  some  facts  have  been  more  lately  observed, 
whence  it  has  been  • inferred  that  it  contains  hydrogen. 
Thus,  the  younger  Berthollet  found,  that  on  passing  sul- 
Phur  ln  vapour  through  an  ignited  glass  tube,  traces  of 
sulphuretted  hydrogen  are  always  obtained  : and,  in  com- 
bining sulphur  with  metals  by  applying  heat,  there  is  an 
evolution  of  the  same  product : it  is  likewise  obtained 
by  passing  the  vapour  of  water  over  melted  sulphur ; and 
that  in  this  case,  it  is  not  produced  by  the  decomposition 
of  the  water,  is  proved  by  no  portion  of  acid  being  form- 
ed. Mr  Davy,  in  submitting  sulphur  to  the  action  of  gal- 
vanism, found  sulphuretted  hydrogen  to  be  given  out  in 
considerable  quantity ; and  in  combining  it  with  potas- 
sium by  the  application  of  heat,  he  likewise  found  that  this 
product  is  evolved  ; he  hence  inferred,  that  sulphur  con- 
tains hydrogen.  And  farther,  finding  reason  to  conclude, 
that  oxygen  exists  in  the  composition  of  sulphuretted  hy- 
drogen, he  supposes  that  this  element  must  also  be  con- 
tained in  sulphur.  According  to  this  view,  sulphur  is  a 
compound  of  a base  unknown,  with  small  quantities  of 
oxygen  and  hydrogen.  This  has  scarcely  been  confirmed, 
however,  by  his  subsequent  experiments,  and  these  results, 
so  least  as  1 elates  to  the  presence  of  oxvgcn,  appear 

!o  admit  of  explanation  on  a supposition  which  the  pheno- 
mena do  not  preclude,  that  sulphur  may  contain  a small 
quantity  of  combined  water. 
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Sect.  II. — Of  Sulphuric  Acid. 

i 

Sulphuric  acid  used  to  be  obtained  by  distillation  from 
sulphate  of  iron,  the  Green  Vitriol  of  the  older  chemists, 
whence  the  name  of  Vitriolic  Acid,  by  which  it  was 
known.  It  is  now  always  procured  from  the  combustion 
of  sulphur,  the  method  having  been  discovered  of  con- 
ducting this  combustion,  so  that  the  formation  of  sulphu- 
rous acid  is  in  a great  measure  prevented,  and  the  princi- 
pal product  is  sulphuric  acid.  The  process  consists  in 
adding  a small  quantity  of  nitre, — from  one-eighth  to  one- 
tenth,  the  weight  of  the  sulphur.  They  are  intimately 
mixed  in  powder,  and  portions  of  the  mixture  are  succes- 
sively kindled,  and  kept  burning  in  a leaden  chamber,  the 
bottom  of  which  is  covered  with  water  to  the  depth  of 
three  or  four  inches.  The  sulphuric  acid,  and  a por- 
tion of  sulphurous  acid  that  is  formed,  are  absorbed  by 
the  water  •,  and  when  the  liquor  is  sufficiently  acid,  it  is  re- 
moved, and  by  boiling  it  in  glass  retorts,  the  sulphurous 
acid  and  the  superfluous  water  are  expelled,  and  it  is 
brought  to  a state  of  concentration,  having  the  specific 
gravity  ol  1.84-2.  From  the  nature  of  this  process,  the 
acid  is  not  perfectly  pure.  It  contains  a portion  of  sul- 
phate of  potash,  derived  from  its  action  on  the  potash  of 
the  nitre,  and  perhaps  also  a minute  quantity  of  sulphate 
of  lead.  rl  bcse  are  in  a great  measure  precipitated  by  di- 
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luting  it  with  water,  and  are  more  completely  separated  by 
distilling  it  from  a glass  retort. 

There  is  considerable  difficulty  in  determining  the  pro- 
portions of  oxygen  and  sulphur  in  sulphuric  acid,  prin- 
cipally from  the  difficulty  of  estimating  the  real  product  of 
acid  free  from  water ; and  hence  the  results  of  different 
experiments  have  been  extremely  various.  The  propor- 
tion of  sulphur  has  been  stated  so  low  as  42  in  100  parts, 
and  so  high  as  72.  The  latest  experiments  are  those  of 
^lenevix  and  Thenard : the  proportions  assigned  from 
the  former  are  61.5  of  sulphur,  and  38.5  of  oxygen  ; from 
the  latter  55,56,  and  44.44,  and  even  these  are  doubtful, 
as  the  estimate  of  the  composition  of  sulphate  of  barytes 
on  which  they  rest,  appears,  from  subsequent  experiments, 
to  be  incorrect.  The  acid,  in  any  state  of  concentration 
in  which  it  can  be  procured  insulated,  has  a portion  of 
water  always  combined  with  it.  At  its  usual  specific  gra- 
vity of  1.842,  this  is  calculated  by  Mr  Kirwan  to  amount 
to  21  in  100  parts.  The  greatest  state  of  concentration 
in  which  it  has  been  obtained  is  that  of  the  specific  gra- 
vity of  1 .846. 

Sulphuric  acid  of  this  strength  is  somewhat  viscid,  and 
has  an  oily  appearance.  If  pure,  it  is  colourless  and  tran- 
sparent ; it  is  inodorous  ; its  taste,  when  it  is  even  largely 
diluted  with  water,  is  intensely  sour,  and  in  very  minute 
quantity  it  reddens  deeply  the  vegetable  colours.  In  its 
concentrated  state,  it  is  highly  corrosive. 

Sulphuric  acid  is  congealed  by  cold,  and  even  crystal- 
lines with  regularity.  The  temperature  at  which  this 
takes  place  is  very  different,  according  to  its  concentra- 
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tion.  When  of  the  specific  gravity  of  1.843,  it  congeals 
at  — 15,  but  if  it  is  diluted  with  half  its  weight  of  water, 
it  requires  a cold  of  — 36  to  congeal  it.  There  is  a cer- 
tain state  of  dilution  most  favourable  to  the  congelation  ; 
this  is  when  the  acid  is  at  the  specific  gravity  intermediate 
between  1.786,  and  1.775;  at  this  it  freezes  at  the  tem- 
perature of  melting  snow  ; if  either  more  diluted,  or  more 
concentrated  than  this,  the  congelation  requires  greater 
cold  to  produce  it.  These  facts  are  singular,  and  one  not 
less  so  is,  that  the  acid  remains  congealed  at  a higher  tem- 
perature than  that  necessary  to  cause  its  transition  to  the 
solid  form.  When  sulphuric  acid  too  is  impregnated 
with  a portion  of  sulphurous  acid,  it  becomes  concrete 
even  at  common  natural  temperatures. 

Sulphuric  acid  boils  at  590°.  It  is  decomposed  at  a 
red  heat,  being  rqsolved  into  oxygen  and  sulphurous  acid. 

It  has  a strong  attraction  to  water,  so  that  it  imbibes  it 
from  exposure  to  the  atmosphere.  It  combines  directly 
with  water  in  every  proportion,  the  combination  being  at- 
tended with  a considerable  increase  of  temperature  from 
diminution  of  capacity. 

It  forms  no  combination  with  oxygen  or  nitrogen  : hy- 
drogen decomposes  it  at  a high  temperature,  by  attracting 
its  oxygen ; it  sustains  a similar  decomposition  from  the 
primary  inflammables ; any  substance,  for  example,  con- 
taining carbonaceous  matter,  acts  on  it  even  in  the  cold  ; 
the  acid  becomes  black  from  the  evolution  of  charcoal, 
and  a little  sulphurous  acid  is  formed.  If  heat  be  applied, 
the  action  is  much  more  rapid,  and  carbonic  acid  and 
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sulphurous  acid  gases  are  disengaged  with  effervescence";  a 
portion  of  sulphur  may  likewise  be  obtained. 

The  metals  abstract  oxygen  from  sulphuric  acid,  in  ge- 
neral partially,  so  as  to  disengage  sulphurous  acid,  the 
oxide  combining  with  a portion  of  the  acid  that  remains 
undecomposed.  When  the  acid  is  diluted  with  water,  it 
enables,  by  a resulting  affinity,  those  metals  which  have  a 
strong  attraction  to  water,  to  attract  it  from  the  water,  and 
hence  there  is  a disengagement  of  hydrogen  gas. 

Sulphuric  acid  combines  with  the  alkalis,  earths,  and 
metallic  oxides ; producing,  when  the  due  proportions  are 
observed,  mutual  neutralization  of  properties.  Its  salts 
are  named  Sulphates.  A considerable  force  of  affinity  is 
exerted  between  their  constituent  principles,'  and  this 
is  not  much  counteracted  by  any  tendency  of  the  acid 
either  to  elasticity  or  to  cohesion,  and  hence  they  are  not 
very  liable  to  decomposition  by  the  action  of  substances 
exerting  attractions  either  to  their  acid  or  base.  They 
are  decomposed  in  general  by  heat : the  metallic  sulphates 
are  more  susceptible  of  this  decomposition  than  the  others, 
the  acid  being  either  expelled,  or,  by  partial  decomposi- 
tion, giving  sulphurous  and  oxygen  gases ; the  earthy  at  a 
higher  temperature  suffer  a similar  decomposition.  The 
neutral  alkaline  sulphates  are  not  decomposed,  with  the 
exception  of  sulphate  of  ammonia ; but  when  crystallized 
with  an  excess  of  acid,  part  of  that  excess  is  by  heat 
converted  into  the  same  products.  They  all  suffer  de- 
composition when  heated  with  carbonaceous  matter. 

Sulphate  of  Potash  is  formed  by  adding  diluted  sul- 
phuric acid  to  a dilute  solution  of  potash,  or  of  carbonate 
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©f  potash,  until  the  acid  and  alkaline  properties  are  neu- 
tralized. A cheaper  process,  generally  followed  in  phar- 
macy, is  to  prepare  it  from  the  residual  mass  obtained  in 
the  distillation  of  nitric  acid  from  nitre  and  sulphuric 
acid,  adding  to  it,  dissolved  in  water,  a solution  of  carbo- 
nate of  potash,  to  neutralize  any  excess  of  acid,  and  ob- 
taining the  sulphate  by  evaporation.  The  crystals  of  this 
salt  are  prismatic,  small  and  grouped ; it  requires  for  its 
solution  seventeen  parts  of  water  at  the  temperature  of 
60°,  and  not  more  than  five  parts  at  212°.  Its  taste  is 
bitter.  It  is  decomposed,  like  the  other  sulphates,  by  ex- 
posure to  heat  with  carbonaceous  matter.  Acted  on  by 
nitric  or  muriatic  acid,  it  suffers  partial  decomposition  from 
the  abstraction  of  part  of  the  base,  the  decomposing 
acid  acting  by  its  affinity  and  quantity,  and  producing  that 
participation  which  happens  when  two  acids  act  on  one 
base.  It  can  combine  with  an  excess  of  acid,  and  even 
with  this  excess  crystallizes,  the  crystals  being  consider- 
ably more  soluble  than  those  of  the  neutral  sulphate ; and 
hY  the  repeated  action  of  water  this  excess  of  acid  is  al- 
most entirely  abstracted. 

Sulphate  of  Soda. — "T  his  is  the  salt  known  by  the 
name  of  Glauber  s Salt,  from  Glauber  the  chemist,  by 
whom  its  properties  were  first  noticed.  He  obtained  it 
,iom  the  residuum  of  the  distillation  of  muriatic  acid, 
fiom  muriate  of  soda  and  sulphuric  acid,  this  consisting 
ol  the  soda  ot  the  muriate  of  soda,  with  sulphuric  acid  in 
excess.  It  is  dissolved  in  water ; the  excess  of  acid  is  neu- 
tralized by  adding  lime ; the  fluid  is  allowed  to  remain 
until  it  becomes  clear ; it  is  drawn  off  into  shallow  leaden 
Voi..  I.  D d 
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vessels,  and  on  cooling  affords  the  neutral  sulphate  in 
crystals.  It  is  also  obtained  as  a residuum  in  other  pro- 
cesses, particularly  in  the  preparation  of  sal-ammoniac 
from  muriate  of  soda  and  sulphate  of  ammonia.  It  cry- 
stallizes in  six-sided  prisms,  bevelled  at  the  extremities. 
Its  taste  is  strongly  saline  and  bitter.  It  is  efflorescent ; 
the  crystals  in  a dry  atmosphere  soon  becoming  white  and 
opaque,  and  at  length  they  fall  into  powder.  It  is  soluble 
in  less  than  three  times  its  weight  of  water  at  60°,  and  in 
less  than  its  own  weight  at  212°.  Exposed  to  heat  it 
undergoes  the  watery  fusion  the  water  of  crystallization 
is  soon  dissipated,  and  by  urging  it  with  a strong  red 
heat  it  may  be  melted.  It  suffers  decompositions  similar 
to  those  of  sulphate  of  potash. 

Sulphate  of  Ammonia  crystallizes  in  six-sided  prisms 
acuminated  by  six  planes,  the  crystals  being  generally 
slender.  It  is  soluble  in  about  two  parts  of  water  at  60°, 
and  in  an  equal  weight  of  boiling  water  ; is  slightly  efflo- 
rescent. Exposed  to  heat,  it  melts,  and  is  decomposed, 
part  of  the  ammonia  being  exhaled  ; at  ignition  its  acid  is 
decomposed. 

Sui.phate  of  Barytes  is  formed  whenever  barytes  is 
presented  to  sulphuric  acid,  in  whatever  state  ol  combina- 
tion either  may  previously  exist.  It  is  precipitated  in 
powder,  which  is  not  soluble  in  water  in  any  appreciable 
quantity.  It  is  melted  by  a strong  heat.  When  heated 
with  carbonaceous  matter,  its  acid  is  decomposed,  and 
sulplmret  of  barytes  is  formed.  1 he  determination  oi  the 
proportions  of  its  constituent  parts  is  of  considerable  im- 
portance, as  it  has  been  usually  employed  as  the  mode  ol 
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obtaining  sulphuric  acid  free  from  water,  in  the  experi- 
ments made  to  determine  the  proportions  of  the  princi- 
ples of  that  acid.  The  results,  however,  have  been  very 
discordant ; but  the  proportions  fixed  by  Klaproth  and 
Withering,  of  67  of  earth  and  33  of  acid,  have  been  lately 
confirmed  by  its  analysis  by  Mr  Thomson.  Besides  this 
neutral  salt,  barytes  can  combine  with  an  excess  of  sul- 
phuric acid  i it  forms  a liquid  that  congeals  into  a conge- 
ries of  prisms ; this  is  decomposed,  and  the  neutral  sul- 
phate precipitated,  on  the  affusion  of  water. 

Sulphate  of  Strontites  is  in  the  form  of  a. white 
powder,  insipid,  and  so  very  sparingly  soluble  in  water,  as 
to  require,  according  to  Dr  Hope’s  experiments,  nearly 
4000  parts  for  its  solution.  It  combines  with  an  excess  of 
acid,  and  is  rendered  more  soluble  in  water,  and  crystal- 
lizable. 

Sulphate  of  Lime,  long  known  to  chemists  under  the 
names  of  Gypsum  and  Selenite,  is  one  of  the  saline  substan- 
ces most  abundant  in  nature.  It  forms  entire  beds,  is  dif- 
fused in  almost  every  soil,  and  is  contained  in  almost  all 
river  and  spring  water,  giving  rise,  when  the  quantity  is 
considerable,  to  the  quality  of  these  named  hardness.  It 
requires  about  .500  times  its  weight  ol  water  for  its  solu- 
tion at  a mean  temperature.  At  that  of  212  it  is  more 
soluble,  and  this  latter  solution,  upon  cooling  slowly,  de- 
posites  minute  crystals.  Exposed  to  heat  it  appears  to 
effervesce  or  boil,  owing  to  the  expulsion  of  its  water ; it 
becomes  opaque,  and  falls  into  a white  powder.  This, 
diffused  in  water,  speedily  consolidates  from  a species  of 
irregular  crystallization.  When  exposed  to  a more  in- 
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tense  heat,  it  vitrifies  if  any  other  earth  is  mixed  with  it. 
Heated  on  charcoal,  or  by  the  blowpipe,  it  is  partially  de- 
composed, part  of  the  oxygen  of  its  acid  being  abstracted. 
Its  principal  use  is  in  statuary,  and  in  the  formation  of 
plaster  or  stucco  work. 

Sulphate  of  Magnesia  is  found  in  sea-water,  and  in- 

many  mineral  -waters,  and  is  usually  extracted  from  the 

/ 

brine  of  sea-water,  Bittern  as  it  is  named,  this  being  boil- 
ed down  until  it  afford  the  sulphate  of  magnesia,  on  cool- 
ing, in  acicular  crystals ; or  sulphate  of  iron  is  added,  the 
sulphuric  acid  of  which  combines  with  the  magnesia  of  the 
muriate  of  magnesia,  and  increases  the  quantity  of  sul- 
phate. Obtained  in  this  way,  it  exhibits  a confused  mass  of 
needle-like  crystals,  -which  are  deliquescent,  but  this  is 
owing  to  the  admixture  of  muriate  of  magnesia,  as  the 
pure  sulphate  is  rather  efflorescent.  By  slow  evaporation 
of  its  solution,  it  crystallizes  in  quadrangular  prisms  acu- 
minated by  four  planes.  These  crystals  are  soluble  in  lit- 
tle more  than  their  own  weight  of  water,  at  the  tempera- 
ture of  60°,  and  in  three-fourths  of  their  weight  of  boiling 
water.  They  undergo  the  watery  fusion  at  a very  mode- 
rate temperature,  and  the  dry  mass  which  remains  is 
melted  in  a strong  heat,  but  is  not  decomposed.  The 
taste  of  this  salt  is  very  bitter,  and  the  bitterness  of  sea- 
water and  many  mineral  springs  is  owing  in  part  to  its 
presence. 

Sulphate  of  Argil,  formed  by  dissolving  the  earth  in 
sulphuric  acid,  crystallizes  when  there  is  no  excess  of  acid, 
in  scales  white  and  of  a pearly  lustre,  which  alter  little  by 
exposure  to  the  air  : its  taste  is  astringent : it  is  very  soluble 
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in  water : when  exposed  to  heat,  its  water  of  crystallization 
is  dissipated,  and,  by  a stronger  heat,  its  acid  is  expelled. 
When  there  is  an  excess  of  acid,  the  compound  crystal- 
lizes with  more  difficulty,  as,  on  evaporation,  it  assumes  a 
gelatinous  consistence.  Small  brilliant  crystals,  however, 
are  formed  in  it. 

The  salt  known  by  the  name  of  Alum  is  a ternary  com- 
pound of  argil,  potash  and  sulphuric  acid ; sometimes  even 
ammonia  enters  into  the  composition,  and  there  is  always  an 
.excess  of  sulphuric  acid  ; its  composition,  as  stated  by  The- 
nard,  being  26  of  acid,  12.5  of  argil,  10  of  potash,  and  51.4 
of  water  of  crystallization,  frequently  with  a little  sulphate  of 
iron,  which  is  to  be  regarded  as  an  impurity.  It  is  often 
a natural  product,  occurring  efflorescent  in  the  layers  of 
what  has  been  named  Alum  Slate  ; and  it  is  also  formed 
by  an  artificial  process,  from  what  is  named  Alum  Ore ; 
this,  which  appears  to  be  a variety  of  slate,  being  calcined, 
and  afterwards  exposed  to  the  atmosphere  in  a humid 
state.  The  saline  matter  is  extracted  by  lixiviation,  and 
when  a little  potash  has  been  added,  alum  is  obtained  by 
crystallization.  The  alum  of  commerce  is  in  large  masses, 
white  and  transparent.  When  regularly  crystallized,  the 
form  of  the  crystals  is  an  octaedron.  It  is  soluble  in  15 
paits  ol  cold,  and  in  two  parts  of  boiling  water : its  cry- 
stals are  slightly  efflorescent : its  taste  is  sweetish  and  as- 
tringent. Its  solution  reddens  the  vegetable  colours. 
When  exposed  to  a moderate  heat,  it  melts,  from  the  wa- 
ter of  crystallization  which  it  contains  dissolving  the  solid 
calt-,  this  soon  evaporates,  and  leaves  a light  white  pow- 
der, named  Burnt  or  Calcined  Alum.  By  a strong  heat, 
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the  acid  is  partly  expelled,  partly  decomposed,  a quantity 
of  oxygen  being  afforded  by  its  decomposition.  This  salt 
is  decomposed  by  the  alkalis,  and  by  barytes,  lime,  and  mag- 
nesia, which  attract  the  greater  part  of  the  acid,  and  pre- 
cipitate the  earth  with  a small  quantity  of  acid  combined 
with  it.  It  is  also  decomposed  when  exposed  to  heat  with 
carbonaceous  matter. 

A decomposition  of  this  kind,  in  which  a large  propor- 
tion of  carbonaceous  matter  is  used,  affords  a very  pecu- 
liar product,  distinguished  by  burning  spontaneously  on 
exposure  to  the  air.  This  substance,  named  Pyrophorus, 
is  prepared  by  exposing  to  heat  in  an  iron-pot,  three  parts 
of  alum,  with  one  part  of  flour  : the  mixture  liquefies,  and 
is  to  be  stirred  constantly  till  the  whole  becomes  grey,  and 
easily  reducible  to  powder  while  hot.  The  coai'se  powder 
is  put  into  a coated  phial,  so  as  nearly  to  fill  it,  and  this, 
slightly  stopped  with  clay,  being  surrounded  with  sand  in 
a crucible,  is  exposed  to  a red  heat,  until  a blue  flame  ap- 
pears at  the  mouth  of  the  phial : when  this  has  continued 
ten  minutes,  the  crucible  is  removed  from  the  fire,  and 
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the  phial,  when  sufficiently  cold,  is  accurately  stopt. 

This  substance  inflames  in  atmospheric  air,  especially 
in  a moist  atmosphere.  It  burns  brilliantly  in  oxygen 
gas,  in  nitrous  gas,  and  oxymuriatic  acid  gas,  and  is  in- 
flamed by  sulphuric  and  nitric  acids.  With  regard  to  the 
theory  of  'its  combustibility,  it  has  been  proved,  that  in 
order  to  form  it  the  alum  must  contain  potash ; the  sul- 
phuric acid  is  decomposed  by  the  carbonaceous  vegetable 
matter,  and  a portion  of  sulphur,  which  is  its  base,  is  sup- 
posed to  combine  with  the  potash,  and  form  a sulphuret. 
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which  is  intimately  diffused  through  the  argillaceous  earth. 
There  likewise  remains  a quantity  of  charcoal  in  the  same 
intimate  mixture,  and  perfectly  dry.  When  exposed  to 
the  air,  moisture  is  absorbed  by  the  sulphuret,  by  which 
the  temperature  is  raised : the  sulphur  is  enabled,  by  a dis- 
posing attraction  exerted  by  the  potash,  to  absorb  oxy- 
gen : it  is  inflamed,  and  kindles  the  dry  carbonaceous  mat- 
ter, the  inflammation  being  facilitated  by  their  extreme 
division,  from  their  intimate  mixture  with  the  argillaceous 

o 

earth,  and  the  extensive  surface  they  thus  present  to  the 
air.  Mr  Davy  has  supposed,  that  a portion  of  the  potash 
may  even  be  decomposed  by  the  joint  action  of  the  sul- 
phur and  charcoal,  and  potassium  produced,  to  which  the 
combustibility  may  be  principally  owing. 

Alum  is  used  in  a variety  of  arts.  It  hardens  tallow : 
it  increases  the  adhesive  power  of  the  farinaceous  pastes  : 
it  renders  water  clear,  which  is  turbid  from  the  admixture 
of  earthy  particles;  and  it  is  one  of  the  most  essential 
articles  in  the  art  of  dyeing,  fixing  the  colours,  and  often 
adding  to  their  brilliancy.  It  is  used  in  medicine  as  a 
powerful  astringent. 

The  other  sulphates  have  been  little  examined.  Sul- 
phate of  Zircon  is  insipid  and  insoluble.  Sulphate  of 
Glucine  is  difficultly  crystallizable ; its  taste  is  saccharine 
and  astringent ; it  is  very  soluble  in  water,  its  solution  as- 
suming by  concentration  the  consistence  of  a syrup. 
Sulphate  of  Ittria  crystallizes  in  small  brilliant  grains, 
of  a rhomboidal  form,  and  of  a colour  inclining  to  ame- 
thyst red.  Their  taste  is  sweet  and  astringent. 
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Tlie  remaining  combinations  of  sulphuric  acid  fall  to  be 
considered  under  tlie  history  of  the  substances  to  which 
they  belong.  The  acid  itself  is  of  extensive  use.  It  is  one 
of  the  most  important  agents  in  chemical  investigations, 
either  by  the  affinities  it  exerts,  or  by  the  oxygen  it  com- 
municates. In  the  arts  it  is  much  employed,  as  in  bleach- 
ing ; in  some  of  the  processes  of  dyeing ; in  metallurgic 
operations,  and  in  the  preparation  of  neutral  salts. 


Sect.  III. — Of  Sulphurous  yield. 

Sulphurous  acid  is  formed  in  the  slow  combustion  of  sul- 
phur, but  it  is  mixed  with  a little  sulphuric  acid,  and  to  ob- 
tain it  pure,  the  process  followed  is  to  decompose  sulphuric 
acid  by  the  action  of  substances  which  partially  abstract 
its  oxygen,  and  which  do  not  form  an  aeriform  product. 
The  metals  produce  such  a decomposition,  and  quicksilver 
or  tin  affords  the  purest  product.  One  part  of  either  is  put 
into  a retort,  with  two  parts  of  sulphuric  acidj  heat  is  ap- 
plied by  a lamp  5 the  metal  attracts  part  of  the  oxygen  ot 
the  acid,  and  the  sulphurous  acid  gas  is  disengaged. 
Being  absorbed  by  water,  it  is  received  over  mercury. 

The  composition  of  sulphurous  acid  has  been  stated  at 
85  sulphur  and  15  oxygen.  Dr  Thomson,  from  a series 
of  experiments  on  the  compounds  ol  sulphur  and  oxygen, 
gives,  as  the  proportions,  sulphur  68,  oxygen  32. 

This  acid  exists  in  the  state  of  gas ; but  it  has  been  re- 
duced to  the  liquid  state  by  the  application  ol  intense  cold. 
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and  strong  pressure.  In  its  usual  state  its  specific  gravity 
is  0.00251,  or  it  is  more  than  twice  as  heavy  as  atmosphe- 
ric air.  It  has  a suffocating  pungent  odour,  proves 
speedily  fatal  to  life,  and  instantly  extinguishes  combus- 
tion. 

It  is  easily  absorbed  by  water,  100  grains  of  water 
taking  up  8.2  grains,  equal  to  33  times  its  volume.  The 
solution  has  a pungent  disagreeable  odour,  and  an  acid 
taste.  It  reddens  some  of  the  vegetable  colours,  while 
there  are  others,  however,  the  colour  of  which  it  destroys. 
From  the  application  of  a moderate  heat,  the  greater  part 
of  the  gas  is  expelled,  though  the  liquor  remains  acid, 
from  the  presence  of  sulphuric  acid.  It  is  singular  that  it 
is  not  expelled  by  freezing ; it  remains  combined  with  the 
ice,  and  renders  it  so  heavy  that  it  sinks  in  water. 

The  liquid  sulphurous  acid  slowly  absorbs  oxygen  from 
the  atmosphere,  and  is  converted  into  sulphuric  acid.  If 
they  are  mixed  even  in  the  gaseous  state,  if  a small  por- 
tion of  water  is  introduced,  they  gradually  combine.  By 
passing  a mixture  of  oxygen  gas  and  sulphurous  acid  gas 
through  a tube  heated  to  redness,  sulphuric  acid  is  also 
formed.  Hydrogen,  at  the  temperature  of  ignition,  at- 
tracts its  oxygen.  Charcoal,  at  the  same  temperature, 
produces  in  it  a similar  change,  and  sulphur  is  deposited. 
It  is  not  decomposed  by  phosphorus,  and  it  acts  feebly  on 
the  metals. 

This  acid  combines  with  facility  with  the  alkalis,  form- 
ing salts  denominated  Sulphites,  which  differ  considerably 
from  the  salts  formed  by  sulphuric  acid.  Their  taste  L<? 
sulphureous ; they  are  decomposed  by  a high  tempera- 
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ture,  and  by  the  greater  number  of  the  acids.  The  alka- 
line sulphites  arc  more  soluble  than  the  sulphates  in  water, 
the  earthy  sulphites  less  so.  AH  these  salts  are  converted 
into  sulphates  by  exposure  to  the  atmospheric  air,  or  by 
the  action  of  any  substance  capable  of  affording  them  oxy- 
gen. They  scarcely  require  individual  notice. 

* Sulphite  of  Potash  is  obtained  in  crystals,  white  and 
transparent,  of  a rhomboidal  figure,  or  in  the  form  of 
small  needles,  soluble  in  an  equal  weight  of  water  at  a 
mean  temperature,  and  in  a less  quantity  of  hot  water. — 
Sulphite  of  Soda  is  white  and  transparent,  soluble  in 
four  parts  of  water,  more  soluble  in  warm  water ; and  the 
solution,  on  cooling,  affords  crystals  of  a prismatic  form. 
— Sulphite  of  Ammonia  requires  less  than  its  own  weight 
of  boiling  water  for  its  solution,  and  the  solution  crystal- 
lizes on  cooling ; its  crystals,  being  six-sided  prisms,  white 
and  transparent. — Sulphites  of  Barytes  and  Argil 
are  insoluble ; those  of  Lime  and  Magnesia  soluble  and 
crystallizable. 


Sect.  IV. — Of  Sulphuretted  Hydrogen,  and  other  Com- 
pounds of  Sulphur  and  Hydrogen. 

Sulphur  appears  to  combine  with  hydrogen  in  various 
proportions.  The  compound  best  known  is  an  elastic 
fluid,  which  has  received  the  name  of  Sulphuretted  Hy- 
drogen. There  appears  to  be  another  with  a larger  pro- 
portion of  sulphur,  which  may  be  named  Super-sulphu- 
retted Hydrogen,  and  there  is  even  some  reason  to  believe 
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that  this  latter  combination  may  be  established  in  different 
proportions. 

1 . Sulphuretted  Hydrogen. — This  compound  is  not 
easily  formed  by  the  direct  combination  of  its  constituent 
principles,  but  is  obtained  by  indirect  processes,  in  which 
the  hydrogen  is  presented  to  the  sulphur  in  a condensed  or 
nascent  state.  That  which  affords  it  with  most  facility  is 
the  action  of  diluted  muriatic  acid  on  a sulphuret  of  iron, 
prepared  by  combining  by  fusion  one  part  of  sulphur 
with  three  parts  of  iron.  The  acid  diluted  with  four  parts 
of  water  acts  on  tin's  compound,  by  a resulting  affinity ; it 
enables  the  iron  of  the  sulphuret  of  iron  to  decompose  the 
water,  by  attracting  its  oxygen  ; the  hydrogen  is  disen- 
gaged, and  being  presented  in  its  nascent  state  to  the  sul- 
phur of  the  sulphuret,  combines  with  it,  and  forms  the 
sulphuretted  hydrogen,  which  passes  into  the  elastic  form. 
It  is  also  procured,  but  in  less  quantity,  and  with  more 
difficulty,  from  the  action  of  muriatic  acid  on  the  com- 
pounds which  sulphur  forms  with  alkaline  bases. 

The  specific  gravity  of  sulphuretted  hydrogen  gas  is 
1.36;  compared  with  atmospheric  air  it  is  as  1142  to 
1000.  100  cubic  inches  of  it  weigh  33  grains,  or  accord- 
ing to  Mr  Davy  35  grains.  Its  smell  is  extremely 
fetid  and  peculiar.  It  extinguishes  combustion,  and 
is  incapable  of  supporting  animal  life.  It  is  absorbed 
by  water,  the  water  taking  up  more  than  its  volume,  or 
100  cubic  inches  absorbing,  according  to  Mr  Henry,  108, 
and  acquiring  from  this  impregnation  the  fetid  smell  of 
the  gas,  and  a nauseous  taste.  It  is  colourless  and  tran- 
sparent, but  becomes  turbid  from  exposure  to  the  atmos- 
phere, 
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In  its  elastic  state,  sulphuretted  hydrogen  does  not  com- 
bine with  oxygen  at  low  temperatures  ; but  if  placed  over 
water,  their  mutual  action  is  facilitated  by  its  medium, 
the  oxygen  combines  with  the  hydrogen,  and  a thin  de- 
posite  of  sulphur  is  formed.  At  the  temperature  of  igni- 
tion the  combination  is  more  rapid.  If  the  sulphuretted 
hydrogen  gas  be  kindled  in  contact  with  the  atmospheric 
air,  it  burns  with  a blue  lambent  flame.  When  previous- 
ly mixed  with  one  or  two  parts  of  atmospheric  air,  it  does 
not  detonate,  and  the  combustion  of  its  elements  is  not 
complete,  part  of  the  sulphur  being  deposited  on  the  sides 
of  the  vessel.  When  mixed  with  an  equal  volume  of  oxy- 
gen gas,  and  kindled,  it  inflames  with  detonation,  the 
products  being  watery  vapour  and  sulphurous  acid.  It  is  de- 
composed by  the  action  of  some  other  gases,  which  afford 
to  it  oxygen,  as  by  sulphurous  acid,  and  nitric  oxide  gas, 
the  oxygen  combining  principally  with  its  hydrogen,  and 
sulphur  being  deposited  : oxy-muriatic  acid  gas  likewise 
causes  a precipitation  of  sulphur.  From  the  results  of 
these  decompositions,  Thenard  inferred,  that  it  is  compo- 
sed of  / 0.9  of  sulphur,  with  29.1  of  hydrogen.  Mr  Davy 
has  assigned  as  the  proportions  2.27  of  hydrogen,  and 
32.73  of  sulphur. 

Sulphuretted  hydrogen  exerts  a peculiar  action  on  the 
metals.  It  tarnishes  them  quickly,  or  communicates 
shades  of  yellow,  brown  or  purple,  with  a diminution  of 
metallic  lustre.  It  deepens  the  colour  of  their  oxides,  and 
if  added  to  metallic  solutions,  it  produces  a precipitate  of 
the  metallic  oxide  or  of  the  metal  in  combination  with 
the  sulphur,  generally  of  a dark  shade. 
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Sulphuretted  hydrogen  combines  with  the  alkalis  and 
earths,  and  displays  in  these  combinations,  powers  similar 
to  those  of  an  acid  ; it  neutralizes  the  alkaline  properties, 
and  forms  compounds  capable  of  crystallizing,  and  having 
properties  analogous  to  those  of  neutral  salts.  And  not 
only  has  it  these  powers  ; it  possesses  the  most  distinctive 
character  of  an  acid  in  an  insulated  state,  that  of  redden- 
ing the  vegetable  colours,  at  least  of  the  colour  of  litmus 
or  radish. 

If  this  substance,  therefore,  be  a compound  of  sulphur 
and  hydrogen,  it  forms  an  exception  to  the  universality 
of  the  proposition,  that  oxygen  is  the  principle  of  acidity, 
and  affords  an  example  of  an  acid  containing  no  oxygen. 
To  obviate  this  conclusion,  it  has  been  supposed  that 
oxygen  may  exist  in  its  composition,  and  it  has  been  re- 
marked, that  its  analysis  never  has  been  executed  with 
that  accuracy  which  precludes  this  supposition,  the  pro- 
portions of  its  elements  always  having  been  inferred  from 
experiments,  in  which  the  proportion  of  sulphur  only  was 
determined,  and  the  remaining  matter  having  been  sup- 
posed to  be  entirely  hydrogen,  though  for  any  thing  that 
the  analysis  establishes  it  might  be  partly  oxygen.  And 
in  all  the  cases  of  its  formation,  there  are  obvious  sour- 
ces whence  oxygen  might  be  abundantly  supplied.  This 
view  of  the  constitution  of  this  compound  appeared 
to  be  established  by  the  results  of  the  action  of  po- 
tassium on  it,  Mr  Davy  having  found,  that  when 
this  substance  is  heated  in  sulphuretted  hydrogen,  pre- 
viously freed  from  moisture  by  the  action  of  muriate 
of  lime,  it  burns  with  a brilliant  flame ; the  gas  was 
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changed  in  its  qualities,  being  resolved  principally  into 
hydrogen ; the  potassium  had  combined  principally  with 
the  sulphur,  and  from  the  products  obtained  by  the  ac- 
tion of  muriatic  acid  on  this  compound,  Mr  Davy  infer- 
red that  it  did  not  consist  of  the  potassium  combined 
with  pure  combustible  matter,  but  contained  oxygen. 

He  has  since,  however,  found  reason  to  call  this  conclu- 
sion in  question,  and  of  course  there  is  no  direct  evidence 
of  the  existence  of  oxygen  in  sulphuretted  hydrogen  ; for 
the  evolution  of  heat  and  light,  which  accompanies  the 
action  of  potassium  on  sulphuretted  hydrogen,  may  arise 
merely  from  the  intensity  of  chemical  action.  Still  there 
is  nothing  to  preclude  the  supposition,  and  on  the  theory, 
that  oxygen  alone  is  the  principle  of  acidity,  analogy 
would  be  in  favour  of  it.  Or,  if  the  other  view  which  I 
have  already  given  of  the  theory  of  acidity,  (page  384), 
that  it  is  a property  derived  from  combustible  bases,  de- 
veloped only  by  substances  which  render  these  bases  solu- 
ble and  active,  it  may  be  admitted,  as  remarked  under 
the  statement  of  that  theory,  that  hydrogen  may  have  this 
effect  as  well  as  oxygen,  and  that,  therefore,  sulphuretted 
hydrogen  may  display  acid  powers,  though  no  oxygen  ex- 
ists in  its  composition. 

The  compounds  of  sulphuretted  hydrogen  with  the  al- 
kaline or  earthy  bases,  are  formed  by  transmitting  it  in 
its  elastic  form  through  water,  in  which  they  are  dissolved 
or  suspended,  continuing  the  transmission  until  they  are 
saturated.  They  are  named  Hydro-sulphurets.  They 
are  soluble  in  water,  and  crystallizable ; their  solutions 
are  colourless,  while  the  air  is  excluded,  but  when  it  is  ad- 
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mittcd,  they  become  turbid  from  decomposition  ; the  oxy- 
gen of  the  air  combining  with  the  hydrogen,  a portion  of 
sulphur  is  deposited,  and  another  portion,  if  the  exposure 
be  continued  sufficiently  long,  combines  with  oxygen, 
forming  sulphuric  acid.  They  are  decomposed  by  the 
acids,  sulphuretted  hydrogen  being  disengaged ; and  they 
precipitate  of  a dark  colour  metallic  solutions. 

Hydro-sulphuret  of  Potash,  obtained  by  the  above 
process,  is  in  prismatic  crystals,  white  and  transparent ; its 
taste  is  bitter  and  alkaline  ; it  is  inodorous  when  dry,  but 
becomes  fetid,  if  moistened.  It  attracts  humidity  from 
the  air,  is  soluble  both  in  water  and  alkohol,  and  when 
acted  on  by  acids,  gives  out  a considerable  quantity  of 
sulphuretted  [hydrogen. — Hydro-sulphuret  of  Soda  is 
also  of  a w'hite  colour,  transparent,  crystallized  in  tetrae- 
dral  prisms,  acuminated  by  four  planes.  Its  taste  is  at 
first  acrid  and  alkaline,  soon  becoming  extremely  bitter. 
It  dissolves  abundantly  in  water,  and  produces  cold  in  dis- 
solving : its  solution  is  colourless,  but  gives  a green  tinge 
to  paper  : it  has  a smell  of  sulphuretted  hydrogen.  Acids 
produce  with  it  a brisk  effervescence,  and  render  this 
odour  very  strong ; but  they  do  not  render  the  liquid  tur- 
bid. 1 he  nitrous  and  oxy-muriatic  acids,  however,  pro- 
duce a precipitate  of  sulphur. — Hydro-sulphuret  of 
Ammonia.  This  compound  is  formed  by  the  direct  com- 
bination ol  its  principles  in  their  aerial  form,  a thin  soft 
deposite  being  formed  on  the  sides  of  the  vessel,  which 
exhales  a penetrating  vapour  when  exposed  to  the  air. 
Another  combination  is  obtained,  by  transmitting  sulphu- 
retted hydrogen  through  liquid  ammonia,  the  liquid  ac- 
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quiring  a yellowish  green  colour,  and  fetid  odour.  A ne- 
ther combination  long  known  to  chemists,  by  the  name  of 
Fuming  Liquor  of  Boyle,  is  prepared,  by  exposing  to 
heat  in  a retort  a mixture  of  sulphur,  lime,  and  muriate 
of  ammonia  ; a liquor  distils  over,  of  a yellow  colour, 
which  has  a sharp  fetid  odour,  and  exhales  white  vapours. 
It  varies  considerably  in  the  proportions  of  its  constituent 
parts. 

Hydro-sulphuret  of  Barytes  is  formed  by  trans- 
mitting sulphuretted  hydrogen  gas  through  water,  in 
which  barytes  is  suspended  *,  it  is  abundantly  soluble : and 
when  barytes  and  sulphur  are  boiled  together  in  water, 
the  barytes  renders  soluble  about  one-fourth  of  its  weight 
of  sulphur,  and  a solution  is  formed  of  a yellowish  red  co- 
lour, which,  when  concentrated,  deposites  crystals  of  the 
form  of  hexaedral  prisms.  These  according  to  Berthollet 
consist  of  hydro-sulphuret  of  barytes,  without  any  excess 
of  sulphur.  They  give  out,  when  acted  on  by  an  acid,  a 
large  quantity  of  sulphuretted  hydrogen.  They  are  white, 
transparent,  and  of  a silky  lustre.  A similar  result  is  ob- 
tained from  either  of  these  processes  with  Strontites  ; and 
it  is  probable  that  the  compound  is  of  the  same  nature. 
Hydro-sulphuret  of  Lime  can  be  formed  by  transmit- 
ting sulphuretted  hydrogen  gas  through  water  in  which 
lime  is  suspended.  The  compound  is  capable  of  crystal- 
lizing in  prisms : it  is  soluble  in  water ; the  solution  is 
without  colour,  but  has  a fetid  smell.  Sulphuretted  hy- 
drogen transmitted  through  water  in  which  magnesia  is 
suspended,  dissolves  a small  quantity  of  it.  Its  relations 
to  the  other  earths  have  not.  been  examined. 
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II.  Super-sulphuretted  Hydrogen. — Besides  the 
compound  of  sulphur  and  hydrogen,  which  forms  sulphu- 
retted hydrogen,  they  appear  to  combine  in  other  propor- 
tions, so  as  to  form  different  compounds.  One  of  this 
kind  is  in  particular  formed  by  the  action  of  alkaline  sul- 
phurets  on  water ; it  was  observed  by  Schcele,  and  after- 
wards by  Berthollet.  It  has  been  named  more  peculiarly 
Super-sulphuretted  Hydrogen,  and  by  some  chemists  Hy- 
droguietled  Sulphur. 

If  a large  quantity  of  muriatic  acid  be  added  to  a solu- 
tion of  an  alkaline  sulphuret ; or  if  small  quantities  of  the 
solution  be  poured  into  the  acid,  a little  sulphuretted  hy- 
drogen gas  is  disengaged,  part  of  the  sulphur  is  precipita- 
ted, but  a portion  exists  combined  with  the  remaining 
sulphuretted  hydrogen,  forming  a liquid  which  has  the 
appearance  of  oil,  of  a yellow  or  reddish  colour,  and  which 
soon  subsides  to  the  bottom  of  the  vessel.  This  is  what 
has  been  named  Super-sulphurettecl  Hydrogen. 

It  has  been  little  examined  in  its  insulated  state,  and  in- 
deed it  is  not  easily  submitted  to  much  chemical  examina- 
tion, as  it  is  extremely  susceptible  of  decomposition.  Sul- 
phuretted hydrogen  escapes  from  it  even  at  moderate  tem- 
peratures, and  it  is  also  decomposed  by  the  action  of  the 
air.  In  its  action,  however,  on  the  alkaline  and  earthy 
bases,  it  forms  combinations  of  some  interest  and  impor- 
tance. 

T hese  compounds  are  obtained  by  boiling  an  alkaline 
or  earthy  hydro-sulphuret  with  an  additional  proportion 
of  sulphur.  They  are  also  formed  merely  by  boiling  $ul- 
VoL.  I.  • i?<? 
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phur  with  an  earth  or  alkali  in  water,  or  by  previously 
combining  the  sulphur  with  the  earth  or  alkali  by  fusion, 
and  then  dissolving  this  hr  water.  In  either  case,  a de- 
composition of  part  of  the  water  is  produced  ; its  oxygen  is 
attracted  by  a portion  of  the  sulphur  and  sulphuric  acid 
formed,  which  is  saturated  by  the  requisite  proportion  of 
the  alkaline  or  earthy  base.  The  hydrogen  of  the  decom- 
posed water  unites  with  the  remaining  sulphur,  and  with 
it  and  the  rest  of  the  base  forms  a ternary  compound  so- 
luble in  water  •,  and  as  there  is  in  the  liquor  a great  excess 
of  sulphur,  the  combination  established  is  not  that  which 
constitutes  sulphuretted  hydrogen,  but  is  super-sulphuret- 
ted hydrogen.  It  is  probable  even  that,  according  to  the 
relative  proportions  of  the  sulphur  and  alkali,  the  decom- 
position of  the  water  may  take  place  to  a greater  or  less 
extent,  and  that  these  compounds  may  therefore  vary  in 
the  proportions  of  their  constituent  principles.  They  are 
accordingly  of  different  shades  of  colour,  from  reddish-yel- 
low to  a yellowish-green,  and,  what  is  a more  direct  proof 
of  this,  when  they  are  decomposed  by  an  acid,  they  afford 
variable  quantities  of  sulphur  by  precipitation.  The  pre- 
sence of  the  small  portion  of  sulphate  that  is  produced  in 
their  formation  does  not  appear  materially  to  modify  their 
properties.  They  may  be  named,  from  the  nature  of  their 
composition,  Sulphuretted  Hydro-sulphurets.  The  name 
of  Hydroguretted  Sulphur  having  been  given  to  that  com- 
pound of  sulphur  and  hydrogen  in  which  sulphur  predo- 
minates, and  this  being  the  compound  which  they  contain, 
they  have  been  named  Hydroguretted  Sulphurets ; but  the 
name  is  so  harsh  that  it  can  scarcely  be  adopted,  and  the 
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other,  without  being  liable  to  this  objection,  very  well  ex- 
presses their  constitution,  and  the  difference  between  them 
and  the  hydro-sulphurets. 

These  liquors  are  transparent,  of  a yellow  colour  more 
or  less  deep,  and  of  different  tints.  Their  smell  is  slight- 
ly fetid ; they  appear  to  be  liable  to  spontaneous  decom- 
position from  the  re-action  of  their  elements;  they  are 
immediately  decomposed  by  the  addition  of  an  acid,  which 
neutralizes  the  base,  precipitates  the  greater  part  of  the 
sulphur,  and  disengages  the  hydrogen  combined  with  a 
portion  of  sulphur  in  the  state  of  sulphuretted  hydrogen. 
Where  the  alkaline  liquor  has  been  largely  impregnat- 
ed with  sulphur,  the  quantity  of  sulphuretted  hydrogen 
disengaged  is  extremely  small,  so  that  there  is  no  sensible 
effervescence.  The  precipitated  sulphur  is  of  a pale  or 
white  colour,  either  from  its  state  of  aggregation  or  com- 
bination  with  water.  It  contains,  according  to  Berthol- 
let,  a portion  of  hydrogen. 

The  facility  with  which  these  compounds  combine  with 
oxygen  forms  their  most  important  chemical  property.  If 
exposed,  either  to  pure  oxygen  or  to  atmospheric  air,  the 
oxygen  gas  is  absorbed,  and  the  liquor  continues  to  exert 
this  action  until  nearly  the  whole  of  the  sulphur  it  contains 
is  converted  into  sulphuric  acid,  and  it  becomes,  of  course, 
a solution  of  the  sulphate  of  the  alkali  or  earth  with  which 
the  sulphur  had  been  combined.  This  facility  of  combi- 
nation appears  to  be  owing  partly  to  the  sulphur  being  in 
the  liquid  state,  whence  the  resistance  that  is  opposed  by 
its  cohesion  in  its  usual  form  to  its  combination  with  oxy- 
gen does  not  operate ; and  partly  to  the  alkaline  or  earthy 
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base,  by  a resulting  affinity  promoting  the  combination  of 
the  sulphur  and  oxygen. 

From  this  power  of  absorbing  oxygen  gas,  these  liquors 
have  been  applied  to  the  purpose  of  eudiometry,  and  they 
afford,  on  the  whole,  one  of  the  best  eudiometers.  The 
liquor  employed  has  been  either  the  sulphuretted  hjdro- 
sulphuret  of  potash  or  of  lime ; the  latter  being  easily  pre- 
pared in  a high  state  of  concentration,  is  preferred.  It  is 
obtained  by  boiling  equal  weights  of  lime  and  sulphur  in 
10  or  12  times  their  weight  of  water.  When  a tube  con- 
taining atmospheric  air  is  placed  in  a portion  of  this  li- 
quor, the  oxygen  of  the  contained  air  is  gradually  absorb- 
ed, and  the  liquor  rises  within  ; and  if  the  tube  has  been 
graduated,  the  quantity  of  oxygen  abstracted  is  indicated. 

This  method  of  operating,  however,  has  the  disadvan- 
tage of  slowness;  the  hqiior,  from  the  smallness  of  the 
surface  in  contact  with  the  ah’,  absorbing  the  oxygen  on- 
ly very  gradually,  and  a considerable  time,  too,  being  re- 
quired to  mark  when  the  absorption  has  become  complete. 
It  is  of  importance,  therefore,  to  accelerate  the  operation, 
and  the  apparatus  which  Dr  Hope  employs  docs  so  with 
every  advantage.  It  consists  (fig.  21.)  of  a small  bottle 
designed  to  contain  the  sulphuretted  solution  •,  to  the 
mouth  of  this  is  accurately  adapted  by  grinding,  a tube 
divided  into  100  equal  parts,  and  towards  the  bottom  of 
the  bottle  is  an  orifice  fitted  with  a stopper.  The  bottle 
being  filled  with  the  solution,  and  its  orifice  being  covered 
with  a flat  plate  of  glass,  it  is  placed  under  the  surface  of 
water,  and  the  graduated  tube  containing  the  air  subject- 
ed to  trial,  is  inserted  into  it.  The  apparatus  is  removed 
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from  the  water,  is  inclined  so  as  to  allow  part  of  the  liquor 
to  flow  into  the  tube,  and  agitated  strongly.  It  is  replaced 
in  the  water,  and  the  stopper  at  the  under  orifice  with- 
drawn, when,  from  the  absorption  of  the  oxygen  of  the 
air,  a quantity  of  water  rushes  in.  The  stopper  is  again 
introduced,  the  agitation  renewed,  and  the  operation  is  re- 
peated until  the  absorption  proceeds  no  farther.  The 
amount  of  this  may  be  determined  by  plunging  the  bottle 
with  the  tube  adapted  to  it  into  water,  removing  the  stop- 
per of  the  under  orifice,  and  taking  care  that  the  water 
without  is  at  the  same  level  as  the  liquor  within,  allowing 
it  also  to  stand  for  a short  time,  that  any  slight  rise  of 
temperature  from  the  application  of  the  hand  during  the 
agitation  may  have  ceased. 

The  diminution  which  atmospheric  air  sutlers  when  sub- 
jected to  this  eudiometrical  method,  is  between  21  and  22 
in  100.  Generally  speaking,  it  is  to  be  preferred  to  every 
other,  as  of  easiest  execution,  and  liable  to  fewest  errors. 
The  only  fallacy  to  which  it  appears  subject,  is  the  absorp- 
tion of  a small  quantity  of  nitrogen  gas.  If  the  liquor  has 
been  newly  prepared  by  boiling,  and  if  used  without  pre- 
vious exposure  to  the  air,  it  will,  in  common  with  any 
other  watery  liquid,  absorb  a portion  of  the  atmospheric 
air  undecomposed,  or  of  its  nitrogen  as  well  as  of  its  oxy- 
gen, and  the  substances  with  which  it  is  impregnated  per- 
haps even  render  the  absorption  of  nitrogen  rather  great- 
er than  it  would  be  by  pure  water.  Accordingly,  under 
these  circumstances,  it  has  been  found  that  nitrogen  is  ab- 
sorbed by  these  liquids ; but  this  is  easily  obviated,  by  agi- 
tating the  liquor,  if  it  has  been  newly  prepared,  with  at- 
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mospheric  air  before  using  it.  It  farther  appears  that 
when  these  liquors  are  kept  for  a considerable  time  in  con- 
tact with  the  ah',  the  condensed  nitrogen  combines  with 
the  hydrogen  of  the  sulphuretted  compound,  and  forms 
ammonia  ; a fresh  portion  of  nitrogen  is  absorbed,  and  this 
continues  to  proceed,  so  that  the  diminution  of  volume  is 
at  length  considerable ; Scheele,  for  example,  having  found 
it  to  amount  in  atmospheric  to  28  in  100  parts,  undoubt- 
edly from  this  cause.  But,  in  pei’forming  the  experiment 
in  the  above  mode,  this  source  of  fallacy  cannot  operate. 

The  properties  of  the  different  compounds  of  this  class 
with  the  alkalis  and  alkaline  earths  are  so  similar  as  to  re- 
quire no  distinct  enumeration.  They  are  all  liable  to  vary 
in  their  state  of  concentration  from  the  relative  quantistie 
of  their  ingredients ; and  there  is  also  reason  to  believe,  as 
has  been  already  remarked,  that  the  compound  of  sulphur 
and  hydrogen  which  they  contain,  differs,  from  this  cause, 
in  the  proportions  of  its  constituent  principles.  Those  of 
potash,  soda,  ammonia,  barytes,  sti’ontites  and  lime,  may 
be  obtained  highly  concentrated  •,  that  with  magnesia  is 
less  perfect,  and  contains  much  less  sulphur  dissolved. 


Besides  these  compounds  of  sulphur  and  hydrogen, 
some  other  products  have  been  obtained  from  the  action 
of  certain  substances  on  sulphur  which  have  been  supposed 
to  be  formed  of  these  elements.  Lampadius  had  observed 
the  production  of  a substance  possessed  of  some  singular 
qualities,  in  submitting  to  heat  a mixture  of  native  sulphu_ 
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ret  of  iron  with  charcoal,  coal,  or  bituminated  wood ; and 
the  same,  or  a similar  product,  is  obtained  by  exposing  to 
heat  a mixture  of  sulphur  and  charcoal,  or  passing  sulphur 
in  vapour  over  charcoal  ignited  in  a tube.  Lampadius, 
from  its  inflammability  and  volatility,  named  it  Alkohol  of 
Sulphur.  It  is  liquid,  colourless,  or  of  a greenish  tinge  with 
transparency  ; it  has  a penetrating  odour,  is  highly  volatile, 
producing  in  its  spontaneous  evaporation  a considerable  de- 
gree of  cold ; it  boils  at  104,  or,  if  the  atmospheric  pressure 
is  removed,  it  assumes,  at  natural  temperatures,  the  elastic 
form;  it  is  heavier  than  water,  its  specific  gravitybeing  1300; 
it  is  highly  inflammable,  burns  with  a blue  flame  and  without 
smoke,  and  affords,  by  its  combustion,  sulphurous  or  sul- 
phuric acid  and  a little  water.  It  is  soluble  in  water 
though  sparingly,  and  is  more  abundantly  soluble  in  alko- 
hol. Lampadius  supposed  it  to  be  a compound  of  sulphur 
and  hydrogen.  Clement  and  Desormes,  on  the  contrary, 
who  examined  its  production,  consider  it  as  a compound 
of  charcoal  and  sulphur,  and  name  it  Carburetted  Sul- 
phur. The  determination  of  this  question  with  regard  to 
the  composition  of  this  substance  has  occupied  the  atten- 
tion of  several  chemists,  and  it  does  not  yet  appear  to  be 
altogether  without  doubt.  Clement  and  Desormes  ob- 
served that  the  charcoal  disappeared  in  the  process  of  its 
formation,  if  a sufficient  quantity  of  sulphur  were  employ- 
ed, and  that  in  burning  it  gave  a residuum  of  charcoal. 
The  younger  Berthollet,  however,  submitting  it  to  exami- 
nation, found  that  it  deposites  no  charcoal  in  its  combus- 
tion, and  that  in  the  products  no  indication  of  carbonic 
acid  coidd  be  discovered ; and  when  decomposed  by  oxy- 
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muriatic  acid,  there  is  also  no  trace  of  charcoal.  Robiquet 
assisted  by  Vauquelin,  obtained  the  same  results.  Hence 
it  may  be  concluded,  that  it  is  a compound  of  sulphur  and 
hydrogen,  the  hydrogen  being  derived,  according  to  Ber- 
thollet,  from  both  the  sulphur  and  charcoal.  Mr  Davy 
has  since  remarked,  that,  from  experiments  made  upon  it, 
lie  finds  it  to  differ  considerably  according  to  the  kind  of 
charcoal  employed  in  its  formation.  If  this  has  been  imper- 
fectly made,  the  product  affords,  by  combustion,  a carbo- 
naceous residuum,  while,  if  the  charcoal  had  been  well  cal- 
cined, this  could  not  be  observed.  It  appears  on  the 
whole,  therefore,  that  sulphur  and  hydrogen  are  its  chief 
constituent  principles. 

In  the  process  by  which  this  product  is  obtained,  other 
substances  are  formed,  probably  of  analogous  constitution, 
though  varying  in  the  proportions  of  their  constituent 
principles.  If  little  sulphur  be  employed  the  product  is 
principally  gaseous,  has  the  odour  of  sulphuretted  hydro- 
gen, but  differs  from  it  in  being  less  soluble  in  water.  Tne 
liquid  obtained  is  even  of  different  degrees  of  density,  ac- 
cording as  the  temperature,  volatilizing  more  or  less  of  the 
sulphur,  regulates  the  proportions.  And  if  there  be  a 
great  excess  of  sulphur,  a solid  substance  is  obtained,  which 
contains  a smaller  proportion  of  hydrogen.  It  has  a la- 
minated texture,  a specific  gravity  a little  inferior  to  that 
of  sulphur,  a fetid  smell,  and,  when  heated,  gives  out  sul- 
phuretted hydrogen.  It  is  not  impossible,  too,  but  that 
oxygen  may  enter  into  the  composition  of  some,  or  all  of 
these  products. 
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Sect.  V. — Of  the  Compounds  of  Sulphur  with  the  Alkalis 

and  Earths . 

Sulphur  combines  with  the  fixed  alkalis,  and  with  se- 
veral of  the  earths,  forming  sulphurets,  of  which  the  che- 
mical history  remains  to  be  given.  These  compounds  are 
formed  by  exposing  the  alkali  or  earth,  with  the  due  pro- 
portion of  sulphur,  to  a moderate  heat  in  a covered  cruci- 
ble. They  exist  only  in  the  solid  form  ; for  when  dissolv- 
ed in  water  new  combinations  are  established  from  the  de- 
composition of  the  water,  as  has  been  explained  under  the 
preceding  section. 

Sulphuret  of  Potash  is  formed  by  exposing  to  heat 
in  o covered  crucible,  equal  parts  by  weight  of  sulphur  and 
dry  concrete  potash  ; the  compound  melts.  When  it  has 
become  concrete,  it  is  firm  and  brittle,  of  a dark  reddish- 
brown  colour.  A similar  combination  is  obtained,  by  ex- 
nosing to  heat  one  part  of  sulphur  with  two  parts  of  s'ub- 
-.uibonatc  of  potash,  but  it  appears  to  be  less  intimate, 
puit  oi  the  carbonic  acid  probably  being  retained : its  co- 
oiu  is  grey  or  green.  Sulphuret  of  potash  is  inodorous 
while  it  remains  dry ; but  when  moistened  or  dissolved, 
acquires  a fetid  smell,  irom  the  production  of  sulphuretted 
hydrogen.  It  is  fusible,  and  when  exposed  to  a strong- 
heat  in  close  vessels,  a portion  of  sulphur  is  sublimed  from 
it.  From  suffering  a chemical  change  when  in  a state  of 
solution,  it  is  scarcely  possible  to  discover  precisely  its  pc. 
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culiar  agencies.  One  singular  property  belonging  to  it, 
is,  that  when  fused  with  some  of  the  metals,  with  gold  for 
example,  a combination  is  formed,  which  is  soluble  in  wa- 
ter,— a fact  observed  by  Stahl,  and  not  yet  fully  elucidated. 

Sulphuret  of  Soda  is  formed  by  the  same  process  as 
sulphuret  of  potash,  and  has  been  described  as  similar  in 

appearance. Sulphuret  of  Ammonia  does  not  exist,  as 

there  is  no  mode  of  bringing  its  elements  to  act  on  each 
other,  without  the  production  of  sulphuretted  hydrogen. — 
Sulphuret  of  Barytes  is  formed  by  exposing  sulphur 
and  barytes  to  a red  heat  in  a covered  crucible ; the  com- 
pound has  a reddish-yellow  colour.  — Sulphuret  of 
Strontites  is  formed  by  a similar  process,  as  is  also  the 
Sulphuret  of  Lime  ; and  in  external  appearance  they 
are  nearly  the  same.  , 


Sulphur  appeal's  capable  ol  combining  with  the  bases 
of  the  alkalis  and  earths.  Mr  Davy  found  that  it  unites 
with  potassium,  when  they  are  brought  into  contact  in 
tubes  filled  with  the  vapour  of  naphtha;  there  is  a lapid 
evolution  of  heat  and  light,  and  a grey  substance  in  ap- 
pearance like  artificial  sulphuret  of  iron  is  formed.  This 
sulphuretted  potassium  easily  inflames;  it  is  also  gradually 
oxygenated  from  exposure  to  the  air,  and  converted  into 
sulphate  of  potash.  Sodium  and  sulphur  combine  with 
equal  facility,  intense  heat  and  light  being  disengaged. 
The  compound  is  of  a deep  grey  colour.  1 he  phenome- 
na displayed  in  these  combinations  are  similai  to  those 
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which  attend  the  combinations  of  sulphur  with  the  me- 
tals ; and  the  compounds  have  properties  similar  to  the 
metallic  sulphurets. 


CHAP.  III. 

OF  CARBONIC  ACID,  ITS  BASE,  AND  THEIR 
COMBINATIONS. 

In  the  combustion  of  charcoal  an  acid  is  produced 
which  exists  in  the  aerial  form.  Charcoal  being  a hetero- 
geneous substance,  or  containing  with  its  inflammable 
matter  small  portions  of  saline  and  earthy  substances,  the 
term  Carbon  was  introduced  to  denote  its  pure  base,  and 
the  acid  formed  in  its  combustion  was  hence  named  Car- 
bonic Acid.  Carbon,  in  this  sense,  therefore,  denoted 
merely  the  inflammable  matter  of  charcoal.  But  it  was 
afterwards  discovered,  that  the  same  matter  exists  under 
other  forms.  The  diamond,  which  was  known  to  be  com- 
bustible, was  found  to  yield  carbonic  acid  as  the  only  sen- 
sible product  of  its  combustion,  and  hence  came  to  be  re- 
gal ded  as  pure  carbon.  And  the  mineral  substance  known 
by  the  name  of  Plumbago  or  Graphite,  was  also  found  to 
be  chiefly  carbon  with  a small  portion  of  iron.  It  is  not 
certain  but  that  charcoal,  even  in  the  purest  state  in  which 
it  can  be  prepared,  contains  hydrogen  ; and  Mr  Davy  has 
supposed,  that  in  diamond  there  is  a small  portion  of  oxy- 
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gen.  The  pure  inflammable  base,  therefore,  that  to  which 
the  name  of  Carbon  is  appropriated,  is  perhaps  unknown 
to  us  •,  and  analogy,  as  well  as  the  phenomena  it  presents 
in  its  combination  with  iron,  might  lead  to  the  suspicion 
of  its  being  metallic.  * The  quantity  of  foreign  matter  with 
which  it  is  combined  in  these  substances,  appears,  how- 
ever, to  be  small.  It  farther  exists  as  a principal  ingre- 
dient of  all  vegetable  and  animal  substances,  and  is  exten- 
sively distributed  in  the  mineral  kingdom  : Diamond,  as  its 
purest  form,  may  first  be  considered. 


Sect.  I. — Of  Diamond. 

The  Diamond,  the  gem  which,  from  its  lustre  and  hard- 
ness, is  of  greatest  value,  is  found  in  India  and  in  Brazil. 
It  occurs  crystallized,  is  colourless  or  tinged  of  various 
shades,  transparent,  and  has  a laminated  structure ; in 
hardness  it  is  superior  to  every  other  substance  ; its  speci- 
fic gravity  is  3.5. 

From  its  high  refractive  power,  Newton  conjectured 
that  the  diamond  must  be  an  inflammable  body.  It  was 
found  to  be  dissipated  when  placed  in  the  focus  of  a power- 
ful burning  mirror,  and  even  in  the  heat  excited  in  a fur- 
nace. In  the  latter  mode  of  making  the  experiment,  its 
surface  was  observed  to  be  luminous  ; and  at  length  it  " as 
ascertained,  that  at  a temperature  sufficiently  elevated  it 
suffers  a real  combustion.  The  object  of  inquiry  was  then 
to  ascertain  what  is  the  product  of  its  combustion  ; La- 
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voisicr,  making  experiments  with  this  viewq  observed,  that 
if  the  diamond  were  not  highly  heated,  its  surface  became 
covered  with  a thin  coating  of  charcoal,  and  when  by  rai- 
sing the  heat  higher  the  combustion  was  rendered  com- 
plete, the  only  sensible  product  was  carbonic  acid.  He 
concluded,  therefore,  that  there  exists  a great  analogy  be- 
tween diamond  and  charcoal  in  chemical  constitution. 

Mr  Tennant,  some  years  afterwards,  burning  the  dia- 
mond by  the  aid  of  nitre  in  a gold  tube,  concluded  from 
the  product  of  carbonic  acid,  that  the  quantity  afforded  by 
a given  weight  of  diamond  is  the  same  as  is  afforded  by 
the  same  weight  of  charcoal,  and  hence  inferred,  that  the 
diamond  differs  from  charcoal  only  in  the  state  of  aggre- 
gation and  its  crystallized  form.  Guyton,  from  a series  of 
experiments,  advanced  a different  opinion.  Placing  the 
diamond  in  pure  oxygen  gas,  and  heating  it  by  directing 
on  its  surface  the  solar  rays  concentrated  by  a lens,  he  ob- 
served, as  Lavoisier  had  before  done,  that  its  surface  was 
first  charred  ; when  the  heat  was  applied  in  more  intensity 
this  disappeared,  and  it  began  to  burn  with  a glow  of 
light.  On  estimating,  at  the  end  of  the  experiment,  the 
quantity  of  carbonic  acid  it  produced,  it  exceeded  consi- 
derably the  quantity  that  would  have  been  produced  from 
the  consumption  of  the  same  weight  of  charcoal,  100  parts 
of  carbonic  acid,  as  he  stated  the  results,  being  obtained 
from  the  disappearance  by  combustion  of  17.88  of  dia- 
mond, while  the  same  quantity  only  is  formed  from  the 
combustion  of  28  of  charcoal.  He  concluded,  therefore, 
that  the  difference  between  these  two  substances  is,  that 
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the  diamond  is  the  pure  carbonaceous  base,  while  char- 
coal is  an  oxide  of  carbon. 

The  mode,  however,  in  which  Guyton  estimated,  the 
quantity  of  carbonic  acid  was  not  free  from  objections,  and 
more  lately  Messrs  Allen  and  Pepys  have  repeated  the  ex- 
periment of  the  combustion  of  these  substances  in  oxygen 
gas,  and  have  found  that  the  proportions  of  oxygen  con- 
sumed, and  of  carbonic  acid  formed  from  equal  weights  of 
each  are  the  same ; whence  they  have  concluded,  as  Mi 
Tennant  had  before  done,  that  they  differ  merely  in  ag- 
cn-ecration  and  form.  I shall  have  to  state  that  there  is 
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some  reason  to  conclude,  that  charcoal  contains  a small 
quantity  of  hydrogen,  and  Mr  Davy  has  supposed,  that 
diamond  may  contain  a minute  quantity  of  oxygen. 
These  differences  may  exist  without  being  capable  of  being 
discovered  by  any  difference  in  the  products  of  combus- 
tion, as  the  small  portion  of  hydrogen  in  charcoal  will  form 
water,  which  will  be  retained  in  combination  with  the  car- 
bonic acid  gas. 

The  diamond  requires  a high  temperature  to  cause  it  to 
burn,  and,  even  when  kindled  in  oxygen  gas,  does  not 
evolve  so  much  caloric  as  to  support  the  necessary  heat.  It 
presents  different  appearances,  according  to  the  tempera- 
ture ; its  surface  being  blackened  if  the  heat  is  not  suffi- 
ciently high,  and  the  illumination  being  brighter  as  it  is 

raised. 

The  diamond  is  scarcely  acted  on  by  any  other  agent. 
By  sulphuric  acid  heated  on  it,  it  appears  to  be  charred  ; 
the  other  acids  do  not  affect  it,  an  inertness  evident!}  o 
ing  to  its  state  of  aggregation. 
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Sect.  II. — Of  Plumbago,  fyc. 

This  substance,  the  Black  Lead  of  Commerce,  is  a mi- 
neral production.  Its  relation  to  carbonaceous  matter, 
and  at  the  same  time  the  existence  of  iron  in  it,  were  first 
observed  by  Scheele;  and  from  subsequent  experiments 
by  Pelletier  and  Monge,  it  was  inferred  to  be  a compound 
of  carbon  and  iron,  containing  from  5 to  10  of  iron  in  100 
parts.  Guyton  supposed,  that  it  consumes  more  oxygen 
in  its  combustion  than  charcoal,  and  that,  therefore,  though 
an  oxide  of  carbon,  it  approached  nearer  to  the  pure  in- 
flammable base.  This  conclusion  rested  on  no  decisive 
evidence  and  Messrs  Allen  and  Pepys  have  found,  that 
the  carbonaceous  matter  of  it  consumes  the  same  quanti- 
ty of  oxygen,  and  affords  the  same  quantity  of  carbonic 
acid  as  charcoal.  Mr  Davy  regards  it  as  carbon  combined 
with  iron,  and  has  supposed,  that  as  it  exists  in  this  com- 
bination, the  carbon  approaches  to  the  metallic  state,  the 
compound  being  a conductor  of  electricity,  opaque,  with 
considerable  lustre.  It  so  far  approaches  in  chemical  cha- 
racters to  the  diamond  as  to  be  little  acted  on  by  any  che- 
mical agent,  and  to  be  so  imperfectly  combustible  as  to  re- 
quire a very  elevated  temperature,  and  the  continued  ap- 
plication of  external  heat  to  cause  it  to  burn. 

The  substance  named  Mineral  Carbon,  Incombustible 
Coal,  or  Anthracite,  appears,  so  far  as  regards  its  carbona- 
ceous  matter,  to  be  in  a similar  state.  It  differs  from  other 
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coals  in  containing  no  bitumen  ; and  it  is  much  less  com-  ^ 
bustible,  burning  only  at  an  elevated  temperature,  and 
scarcely  evolving  so  much  heat  as  is  sufficient  to  sustain  its 
combustion.  With  carbonaceous  matter  it  contains  por- 
tions of  silex,  argil,  and  iron.  Guyton  had  supposed  it  to 
be  an  oxide  of  carbon  at  a lower  degree  of  oxidation  than 
common  charcoal;  but  Allen  and  Pepys  have  found  that  it 
consumes  in  burning  the  same  quantity  of  oxygen,  and  af- 
fords the  same  quantity  of  carbonic  acid  ; and  its  inferior 
combustibility  is  probably  owing  to  its  state  of  aggregation. 


Sect.  III. — Of  Charcoal. 

Charcoal  is  obtained  from  the  imperfect  combustion 
of  wood  ; the  wood  cut  into  billets  being  reared  in  a pile 
which  is  covered  with  earth  or  turf,  apertures  being  left  to 
regulate  the  circulation  of  air,  by  which  the  combustion, 
when  the  wood  is  kindled,  is  supported.  This  combustion  is 
carried  on  as  slowly  as  possible ; the  volatile  principles  of 
the  wood,  particularly  its  oxygen  and  hydrogen,  with  a 
portion  of  its  carbon,  form  volatile  products,  which  are  dis- 
engaged ; and  there  remains  at  length  the  black  porous 
substance  which  forms  common  charcoal,  retaining  fre- 
quently the  figure  and  texture  of  the  wood.  To  prepare 
it  thoroughly,  it  requires  to  be  exposed  to  a red  heat  wit  i 
the  exclusion  of  the  air  : this  is  done  by  covering  it  with 
sand.  By  the  same  method,  well  prepared  charcoal  may  at 
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once  be  obtained  from  wood,  a heat  sufficiently  intense 
having  been  applied. 

From  the  nature  of  this  process,  it  is  obvious  that  there 
must  exist  in  the  charcoal  any  other  matter  not  volatile 
which  entered  into  the  composition  of  the  wood  ; and  ac- 
cordingly it  always  contains  portions  of  saline  and  earthy 
matter,  chiefly  carbonates  of  potash  and  lime,  with  a little 
oxide  of  iron.  But  these  are  present  in  comparatively  mi- 
nute quantities,  and  do  not  appear  to  modify  its  proper- 
ties. Apart  from  these  charcoal  was  regarded  in  the  mo- 
dern system  of  chemistry  as  pure  carbon.  Guyton,  how- 
ever, as  has  been  already  stated,  supposed  it  to  be  an  oxide 
of  carbon  j while  Allen  and  Pepys,  finding  that  it  con- 
sumes the  same  quantity  of  oxygen,  and  forms  the  same 
quantity  of  carbonic  acid,  established  again  the  former  o- 
pinion. 

There  are  some  facts,  however,  which  still  render  this 
doubtful,  and  which  are  favourable  to  a conclusion  advan- 
ced by  Berthollet,  that  charcoal  contains  hydrogen.  In 
particular,  when  charcoal  is  burnt  in  oxygen  gas  a sensi- 
ble quantity  of  water  is  deposited  j when  it  is  urged  with  a 
strong  red  heat,  a quantity  of  elastic  fluid  is  given  out, 
composed  of  carbon  and  hydrogen  ; and  when  heated  with 
sulphur,  in  the  experiments  already  referred  to,  sulphur- 
etted hydrogen,  or  super-sulphuretted  hydrogen  is  disen- 
gaged. 

It  is  true,  that  there  are  some  sources  of  fallacy,  whence 
it  might  be  supposed  that  these  results  arise.  If  charcoal 
is  not  thoroughly  calcined,  a portion  of  the  hydrogen  of 
the  vegetable  matter  may  exist  in  it,  which  however  may 
Vol.  L F f 
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not  be  essential  to  it,  and  may  be  expelled  if  tlie  charcoal 
is  more  completely  prepared.  It  appears  too,  that  char- 
coal imbibes  humidity  very  rapidly,  absorbing  it  even  from 
the  air,  and  in  such  experiments  this  may  be  the  source  of 
the  hydrogen  which  appears. 

The  operation  of  both  these  causes  is  unquestionable 
in  some  of  the  experiments  which  have  been  made  on 
this  subject,  but  there  are  others  in  which  we  can  scarcely 
admit  their  influence,  and  in  which  the  existence  of  hy- 
drogen in  charcoal  is  still  indicated.  In  particular,  when 
charcoal  has  been  thoroughly  calcined  by  exposure  to  an 
intense  heat,  and  immediately  on  its  removal  from  the 
fire,  without  being  allowed  to  cool  under  exposure  to  the 
air,  is  mixed  with  sulphur,  the  mixture,  when  urged  by 
heat,  affords  both  sulphuretted  and  super-sulphuretted 
hydrogen,  and  in  such  quantities,  that  the  hydrogen  exist- 
ing in  these  products  cannot  be  supposed  to  be  derived 
from  the  sulphur  alone.  Mr  Davy  also  finding  that  a 
small  quantity  of  aerial  fluid  is  given  out  in  submitting 
charcoal  in  the  best  state  of  preparation  to  the  intense 
heat  of  a galvanic  battery,  has  supposed  that  it  contains  a 
minute  proportion  of  hydrogen. 

There  are  even  some  facts  from  which  the  existence  of 
a little  oxygen  in  charcoal  may  be  inferred,  particularly  the 
singular  one  observed  both  by  Lavoisier  and  Guyton,  that 
the  diamond,  when  heated  in  oxygen  gas,  is  charred  on 
its  surface.  And  theory  would  lead  us  to  conclude,  that 
minute  portions  both  of  oxygen  and  hydrogen  may  exist 
in  it,  for  being  obtained  from  products  in  which  these  ele- 
ments exist,  and  from  which  they  arc  expelled  by  heat,  in 
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proportion  as  their  expulsion  proceeds,  the  affinity  of  the 
carbon  to.^he  remaining  portions  must  become  stronger 
from  the  increase  in  its  relative  quantity  •,  and  minute  quan- 
tities may,  and  probably  will  be  retained  with  a force, 
which  even  a very  intense  heat  will  be  unable  to  overcome. 
The  only  difficulty  in  this  view  of  the  subject  arises  from 
i the  fact  apparently  established,  that  the  same  quantity  of 
carbonic  acid  is  produced  in  burning  from  charcoal  as. 
from  diamond,  and  the  same  quantity  of  oxygen  consumed. 
But  if  the  quantity  of  hydrogen  is  small,  the  water  which 
it  will  form  may  exist  in  the  elastic  form  combined  with 
the  carbonic  acid,  and  add  so  far  to  its  volume,  as  that 
this  shall  appear  equal  to  the  volume  of  carbonic  acid  pro- 
duced from  the  combustion  of  the  same  weight  of  diamond, 
though  this  contain  no  hydrogen.  And  as  hydrogen  com- 
bines with  rather  a larger  proportion  of  oxygen  than  car- 
bon does,  this  may  even  give  rise  to  the  apparent  equali- 
ty in  the  consumption  of  charcoal  and  diamond,  though 
the  former  contain  even  a small  quantity  of  oxygen  as  well 
as  of  hydrogen. 

From  all  these  considerations,  it  must  appear  doubtful, 
if  the  pure  carbonaceous  base  is  still  known  to  us  in  its  in- 
sulated form.  And  the  observation  by  Mr  Davy  is  very 
just,  that  minute  differences  in  chemical  composition  may 
produce  great  differences  in  external  and  physical  charac- 
ters. 

Charcoal  well  prepai'cd  is  brittle  and  porous,  tasteless 
and  inodorous  •,  it  is  also  procured  by  some  processes  in 
the  state  of  a powder.  It  is  infusible  in  any  heat  that  a 
furnace  can  raise  ; but  by  the  intense  heat  of  a very  power- 
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ful  galvanic  apparatus,  it  is  hardened,  and  at  length  is  both 
fused  and  volatilized.  In  its  common  state  it  gives  out, 
when  exposed  in  close  vessels  to  a heat  above  redness,  an 
elastic  fluid,  consisting  principally  of  a variety  of  carburet- 
ted  hydrogen  : this  diminishes  as  the  heat  is  raised,  and  at 
length  the  production  of  it  ceases.  But  even  when  it  has 
been  brought  to  this  state,  a small  portion  of  gas  is  expel- 
led by  the  more  intense  heat  which  galvanism  excites. 
This  evolution  of  aeriform  matter  is  to  be  ascribed,  in  the 
earlier  stages  of  the  process,  probably  principally  to  the 
decomposition  of  water  which  the  charcoal  had  imbibed, 
and  accordingly  part  of  it  is  always  carbonic  acid  : the 
smaller  quantity  evolved  at  more  intense  heats  is  probably 
derived  from  the  minute  portion  of  hydrogen  and  perhaps 
of  oxygen  combined  with  the  carbonaceous  base.  By  this 
high  degree  of  calcination  the  charcoal  is  rendered  a bet- 
ter electrical  conductor. 

Charcoal  is  insoluble  in  water,  and  is  not  affected  by  it, 
nor  does  it  at  low  temperatures  produce  on  the  water  any 
change.  It  absorbs  a small  portion  of  it,  and  hence,  in 
cooling,  it  imbibes  it  from  the  atmosphere  so  as  sensibly  to 
increase  in  weight.  At  the  temperature  of  ignition  it  de- 
composes water,  the  products  being  carbonic  acid  gas  and 
a variety  of  carburettcd  hydrogen  gas. 

A very  singular  property  belonging  to  charcoal,  is  that 
of  absorbing  the  different  aerial  fluids  in  considerable 
quantity  without  forming  with  them  any  intimate  combi- 
nation. If  the  charcoal,  when  ignited,  is  allowed  to  cool 
^without  exposure  to  the  atmosphere,  on  exposing  to  it  any 
gas  the  absorption  takes  place,  and  exceeds  many  times 
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the  volume  of  the  charcoal.  The  extent  of  it  is  different 
with  different  aerial  fluids : carbonic  acid,  muriatic  acid, 
and  ammonia,  are  largely  absorbed,  while  oxygen,  nitro- 
gen, and  hydrogen,  are  absorbed  more  sparingly  The 
condensed  gas  appears  to  suffer  no  chemical  change ; and 
the  greater  part  of  it  is  again  expelled  by  a heat  inferior 
to  that  of  boiling  water,  and  also  to  a certain  extent  by 
immersion  in  water.  Neither  is  there  any  apparent  alte- 
ration in  the  properties  of  the  charcoal.  It  is  therefore  a 
mere  mechanical  condensation,  produced,  probably,  how- 
ever, by  a certain  attraction  exerted  by  the  carbonaceous 
matter  to  the  aerial  fluid.  Two  gases  thus  condensed  in 
the  pores  of  the  charcoal  have  been  found  to  combine  ; 
oxygen  and  hydrogen  when  absorbed  together,  for  exam- 
ple, forming  water,  and  this  being  accompanied  with  a sen- 
sible elevation  of  temperature. 

When  the  action  of  oxygen  and  of  hydrogen  gases  is 
favoured  by  humidity,  they  appear  to  dissolve  small  por- 
tions of  charcoal  at  common  temperatures.  At  the  tem- 
perature of  ignition  they  form  with  it  intimate  combina- 
tions. In  burning,  charcoal  combines  with  oxygen  gas, 
iorming  carbonic  acid.  And  if  hydrogen  gas  be  passed 
ovcv  charcoal  in  an  ignited  tube,  an  elastic  fluid  formed 
from  their  combination  is  obtained.  Nitrogen  does  not 
unite  with  it.  It  appears  to  form  combinations  with 
sulphur, either  alone  or  with  hydrogen,  some  of  the  pro- 
ducts from  the  mutual  action  of  sulphur  and  charcoal  at 
high  temperatures  being  compounds  of  this  kind,  as  has 
been  already  noticed. 

The  alkalis  scarcely  sensibly  dissolve  charcoal  when  it  is 
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pure,  though  iu  its  common  state  they  receive  from  it  a 
dark  brown  colour.  It  decomposes  a number  of  the  acids 
by  abstracting  their  oxygen,  some  suffering  this  decompo- 
sition at  a low,  others  only  at  a high  temperature. 

One  very  singular  property,  undoubtedly  chemical,  be- 
longing to  charcoal,  remains  to  be  stated  : it  is  that  of  re- 
moving the  odour,  taste,  and  colour  of  a number  of  vege- 
table and  animal  substances,  when  triturated  or  digested 
with  them  by  the  medium  of  water.  Thus,  all  saline  sub- 
stances, which,  from  the  adherence  of  vegetable  or  animal 
extractive  matter,  are  of  a brown  colour,  may,  after  this 
process,  be  obtained  white  by  a second  crystallization  : car- 
bonate of  ammonia,  which  is  fetid  and  dark  coloured 
when  obtained  from  the  decomposition  of  animal  matter 
by  heat,  is  rendered  perfectly  white  and  pure  by  sublima- 
tion from  charcoal  powder.  Resins,  gum-resins,  balsams, 
and  essential  oils,  even  those  that  have  the  strongest  smell, 
are  rendered  nearly  inodorous  when  they  are  rubbed  with 
charcoal  and  water,  or  when  solutions  of  them  in  alkohol 
are  macerated  with  the  charcoal,  or  filtrated  repeatedly 
through  it ; and  a number  of  the  vegetable  tinctures  and 
infusions  lose  their  colour,  smell,  and  much  of  their  taste, 
by  the  same  process.  It  is  from  this  agency  that  charcoal 
powder  removes  the  offensive  smell  and  taste  which  water 
acquires  from  keeping  in  wooden  casks,  and  that  it  ob- 
viates even  the  putrescence  of  animal  matter.  To  pro- 
duce these  effects,  it  is  necessary  that  the  charcoal  should 
have  been  well  calcined  and  newly  prepared,  or  at  least 
should  have  been  long  exposed  to  the  air.  A certain 
quantity  too  is  necessary,  more  or  less,  according  to  the 
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effect  required.  It  is  not  very  obvious  by  what  kind  of 
agency  the  charcoal  produces  these  effects. 


Sect.  IV. — Of  Carbonic  Acid. 

This  is  the  Fixed  Air  of  Dr  Black,  the  first  of  the  aeri- 
form fluids  which  was  submitted  to  accurate  examina- 
tion. He  investigated  a number  of  its  properties,  and  the 
changes  it  produces  in  chemical  combinations,  particularly 
with  the  alkalis  and  earths.  Bcwly  and  Bergman  dis- 
covered its  acid  powers,  which,  from  being  comparatively 
weak,  had  escaped  Dr  Black’s  observation. 

Though  this  acid  is  produced  without  difficulty  by  the 
direct  combination  of  its  constituent  principles,  it  is  usual- 
ly obtained  by  other  processes.  It  exists,  combined  with 
lime,  in  the  different  varieties  of  limestone,  marble,  and 
chalk } and  if  any  of  these  be  exposed  to  a strong  red 
heat,  the  affinity  of  the  acid  to  the  lime  is  so  far  weaken- 
ed, that  it  assumes  the  elastic  form.  Or,  if  the  affinity  of 
another  acid  to  the  lime  is  introduced,  the  same  result  is 
obtained  without  applying  heat.  If  into  a bottle  fitted 
with  a bent  tube,  small  fragments  of  chalk  or  marble  are 
put,  and  if  to  this  diluted  sulphuric  or  muriatic  acid  is 
added,  a strong  effervescence  is  immediately  excited  from 
the  disengagement  of  the  carbonic  acid  gas,  the  sulphuric 
or  muriatic  acid  combining  with  the  lime  : the  gas  may 
he  collected  over  water,  by  which  it  is  not  immediately 
absorbed  in  any  considerable  quantity. 
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The  experiment  of  the  formation  of  this  acid,  however, 
by  the  direct  combination  of  its  principles,  is  of  impor- 
tance, as  determining  its  composition  with  regard  to  their 
proportions.  Lavoisier,  in  performing  this  experiment  by 
burning  charcoal  in  oxygen  gas,  the  charcoal  having  been 
previously  thoroughly  ignited  to  avoid  as  much  as  possible 
any  error  from  the  production  of  water,  which  is  always 
observed  when  this  precaution  is  not  taken,  fixed  the 
proportions  of  the  principles  of  the  acid  at  a mean  at  28 
of  charcoal  and  72  of  oxygen ; and  with  this  the  results  of 
the  experiments  of  Clement  and  Desormes,  and  more 
lately  of  Messrs  Allen  and  Pepys,  almost  exactly  agree,  the 
proportions  assigned  by  the  latter  chemists  being  28.6  of 
carbon  and  71.4  of  oxygen.  It  is  not  perfectly  certain, 
as  has  been  already  remarked  under  the  history  of  char- 
coal, but  that  a little  water  may  be  formed,  from  the 
small  portion  of  hydrogen  which  that  inflammable  sub- 
stance probably  contains,  and  may  exist  in  the  carbonic 
acid  gas  j but  the  quantity,  if  it  do  exist,  must  be  regarded 
as  very  minute.  It  appeared,  from  some  of  these  experi- 
ments, +hat  in  this  formation  of  carbonic  acid  gas  there  is 
a sensible  condensation ; but  this  appears  to  have  arisen 
from  the  operation  of  other  circumstances  : and  in  those 
performed  by  Allen  and  Pepys  it  was  not  observed,  the 
oxygen  gas  combining  merely  with  charcoal  to  form  car- 
bonic acid,  by  which  its  density  was  altered,  but  its  vo- 
lume not  changed. 

The  composition  of  carbonic  acid  has  been  established 
by  its  analysis.  This  is  effected  by  a concurrence  of  affi- 
nities : a few  pieces  of  phosphorus  are  put  at  the  bottom 
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of  a coated  glass  tube,  and  over  this  is  put  a quantity  oi 
marble  (carbonate  of  lime)  in  powder,  or  what  renders  the 
experiment  more  easy  of  execution,  carbonate  of  potash 
or  soda  dried.  The  part  of  the  tube  containing  the  car- 
bonate is  placed  across  a small  furnace,  so  as  to  be  brought 
to  a red  heat : the  heat  communicated  to  its  extremity  is 
sufficient  to  volatilize  the  phosphorus,  and  this  passing 
over  the  ignited  carbonate,  decomposes  the  carbonic  acid, 
by  attracting  its  oxygen  : phosphoric  acid  is  thus  foimed, 
which  unites  with  the  base  of  the  carbonate,  and  the  car- 
bonaceous base  of  the  acid  remains  diffused  through  the 
mass  in  the  state  of  charcoal  perfectly  black.  It  may  be 
collected  by  dissolving  the  saline  matter,  and  when  dried 
has  all  the  properties  of  common  charcoal.  The  decom- 
position is  probably  produced  by  the  joint  affinities  of  the 
phosphorus,  and  the  alkaline  or  earthy  base  with  which 
the  carbonic  acid  is  united  to  its  oxygen,  aided  by  the 
state  of  condensation  of  the  acid,  or  to  its  being  acted  on 
in  a nascent  state  as  disengaged  by  the  heat.  Potassium, 
from  the  strength  of  its  affinity  to  oxygen,  decomposes 
carbonic  acid  with  facility,  burning  in  the  gas,  aiid  preci- 
pitating charcoal.  And  a partial  abstraction  of  its  oxy- 
gen :s  even  effected  by  some  oi  the  metals,  as  iron  or  zinc, 
at  a high  temperature. 

Carbonic  acid  has  a greater  specific  gravity  than  the 
other  elastic  fluids : it  is  compared  with  atmospheric  air  as 
0.0018  to  0.0012,  or  is  one  half  heavier;  it  is  inodorous, 
has  a pungent  taste ; it  proves  eminently  fatal  to  life,  an 
animal  immersed  in  it  being  immediately  killed,  and  even 
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‘when  diluted  with  two  or  three  parts  of  atmospheric  air, 
it  exerts  a deleterious  power. 

Carbonic  acid  in  its  clastic  form  is  absorbed  by  water, 
the  water,  at  a mean  atmospheric  pressure  and  tempera- 
ture, absorbing  nearly  its  own  volume.  The  absorption 
is  promoted  by  agitation,  and  the  quantity  absorbed  is  in- 
creased by  cold,  or  by  augmented  pressure.  The  water, 
when  largely  impregnated  with  it,  sparkles  when  shaken, 
and  has  a pungent  taste ; the  gas  escapes  on  exposure 
to  the  atmosphere  : it  is  entirely  expelled  by  boiling,  and 
is  disengaged  by  freezing. 

T.  he  acidity  of  carbonic  acid  is  weak,  and  tests  of  some 
delicacy  are  required  to  discover  it.  Its  taste  is  scarcely 
perceptibly  sour,  either  in  its  clastic  or  liquid  form ; it 
reddens,  however,  the  more  delicate  vegetable  colours,  as 
that  of  litmus ; and  though  it  adheres  with  little  force  to 
the  bases  with  which  it  combines,  this  Berthollet  ascribes 
to  its  greater  tendency  to  pass  into  the  elastic  state  ; and 
judging  from  its  powers  of  saturation,  it  may  even  be  re- 
garded as  superior  in  acidity  to  a number  of  the  other 
acids. 

It  combines'  with  the  alkalis,  earths,  and  metallic  oxides, 
forming  salts  denominated  Carbonates.  In  these  combin- 
ations, at  least  with  the  alkalis,  is  displayed  the  peculiari- 
ty, that  the  alkaline  properties  are  rather  impaired  than 
neutralized  •,  it  is  at  least  difficult  to  establish  neutraliza- 
tion, and  the  compounds,  even  when  obtained  of  uniform 
composition  by  crystallization,  retain  to  a certain  extent 
the  alkaline  properties  they  have  the  alkaline  taste,  change 
to  a green  the  vegetable  colours,  and  combine  with  oils 
so  as  to  form  soaps.  The  alkalis  in  this  state  were  there- 
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tore  formerly  regarded  not  as  compounds  ; they  were  sup- 
posed to  be  in  their  purest  form,  were  named  Mild  Alka- 
lis, to  distinguish  them  from  what  were  named  Caustic 
Alkalis,  which  were  supposed  to  be  less  pure.  Dr  Black 
shewed,  that  the  mild  state,  as  it  was  named,  is  owing  to 
the  presence  of  carbonic  acid;  and  Bergman  proved,  that 
in  this  state  they  are  to  be  regarded  as  compound  salts. 
They  generally  form,  however,  with  an  excess  of  base, 
and  it  is  not  very  certain  if  they  can  be  obtained  other- 
wise, at  least  in  a crystallized  state.  The  property  by 
which  they  are  peculiarly  distinguished,  is  that  of  effer- 
vescing strongly  on  the  addition  of  any  acid,  the  carbonic 
acid  being  disengaged,  and  assuming  the  elastic  form. 
They  are  also  easily  decomposed,  at  least  partially,  by 
heat,  the  carbonic  acid  being  expelled.  In  the  earthy 
carbonates,  however,  it  is  retained  with  more  force,  and 
requires  a much  higher  heat. 

Sub-carbonate  of  Potash. — It  is  under  the  form  of 
this  salt  that  potash  is  afforded  in  the  processes  by  which 
it  is  usually  obtained,  as  in  the  incineration  of  the  wood 
of  plants.  It  therefore  forms  the  base  of  this  product, — 
the  potash  or  pearlash  of  commerce,  which  also  contains, 
however,  other  saline  substances,  particularly  sulphate 
and  muriate  of  potash,  and  earthy  anil  metallic  matter. 
From  these,  it  is  in  part  freed  by  dissolving  the  pearlash 
in  an  equal  weight  of  warm  water  ; the  foreign  substances 
being  sparingly  soluble,  remain  in  a great  measure  undis- 
solved ; the  clear  liquor  is  poured  off,  and  is  evaporated 
until  a pellicle  appear  on  its  surface  ; on  cooling  and  re- 
maining at  rest  for  a few  hours,  it  deposites  a little  muri- 
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ate  of  potash,  and  being  poured  off’  from  this  and  evapo- 
rated, the  sub-carbonate  is  obtained.  The  chemists  have 
also  employed  other  processes  to  procure  it,  such  as  burn- 
ing tartar  at  a red  heat : this  substance  consists  of  potash, 
combined  with  tartaric  acid, — a vegetable  acid  havino-  a 
compound  base  of  carbon  and  hydrogen,  and  which, 
therefore,  when  decomposed  by  heat,  affords  carbonic 
acid,  with  which  the  potash  combines.  By  deflagrating 
tartar  with  nitre,  a similar  product  is  formed,  and  also  by 
deflagrating  nitre  with  charcoal,  the  charcoal  being  con- 
verted into  carbonic  acid  by  the  oxygen  afforded  by  the 
decomposition  of  the  nitric  acid,  and  the  carbonic  acid 
combining  with  the  potash,  which  is  the  base  of  the  nitre. 
As  obtained  by  these  processes,  the  sub-carbonate  of  po- 
tash is  even  purer  than  in  the  state  in  which  it  is  procu- 
red from  the  pearlash  of  commerce. 

Sub-carbonate  of  potash,  obtained  in  a concrete  state 
by  evaporation,  is  generally  in  the  form  of  coarse  grains, 
as  it  is  not  susceptible  of  regular  crystallization.  From 
the  excess  of  alkali  it  contains,  it  is  deliquescent ; and  if 
exposed  to  the  air,  it  soon  attracts  as  much  water  as  dis- 
solves it.  Its  taste  is  acrid  j it  changes  the  vegetable  co- 
Icairs  to  a green,  and  combines  with  oils,  forming  a sapo-* 
naccous  compound.  It  is  decomposed  by  the  acids ; its 
carbonic  acid  being  disengaged  with  effervescence.  A con- 
siderable portion,  but  not  the  whole  of  its  acid  is  expelled 
by  a strong  reel  heat.  It  consists  of  about  60  of  alkali, 
28  or  30  of  carbonic  acid,  and  6 of  water,  with  a little  sili- 
ceous earth,  sulphate  of  potash,  and  argil. 

Carbonate  of  Potash  may  be  obtained  by  leaving  the 
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solution  of  the  9ub-carbonate  exposed  to  the  air  for  a 
considerable  time,  carbonic  acid  being  imbibed  from  the 
atmosphere,  and  thus  crystals  of  the  neutral  carbonate  are 
deposited.  Or  it  is  formed  more  directly  by  passing  a cur- 
rent of  carbonic  acid  gas  through  a solution  of  the  sub- 
carbonate of  such  a strength  that  crystals  form  spon- 
taneously. One  part  of  the  sub-carbonate  dissolved  in 
three  of  water’  affords  a solution  of  the  pi’oper  strength. 
The  crystals  are  bevelled  quadrangular  prisms ; they  do 
not,  like  the  sub-carbonate,  deliquesce.  They  require,  at 
a mean  temperature,  four  parts  of  water  for  their  solution, 
and  produce,  while  dissolving,  a degree  of  cold.  They 
are  much  more  soluble  in  hot  water,  the  water  taking  up 
even  of  its  weight ; but  if  the  temperature  be  that  of 
boiling  water,  part  of  the  carbonic  acid  assumes  the  elastic 
state,  and  rises  through  the  liquor.  The  taste  of  this 
crystallized  salt  is  more  mild  than  that  of  the  sub-carbo- 
nate, though  still  alkaline ; it  has  no  causticity,  but  it 
unites  with  oils,  and  changes  the  vegetable  colours  to  a 
green  : it  can  scarcely  therefore  be  regarded  as  the  neutral 
carbonate.  It  consists,  according  to  its  analysis  by  Pelle- 
tier, of  40  of  potash,  43  of  carbonic  acid,  and  17  of  wa- 
ter. It  is  little  used  but  for  some  medicinal  purposes,  but 
the  sub-carl x>n ate  in  the  state  of  the  potash  and  pearl- 
ash  ot  commerce  is  applied  to  many  uses  in  the  arts, 
principally  from  the  alkali  it  contains. 

Potash  is  capable  of  combining  with  a less  portion  of 
carbonic  acid,  but  still  so  as  to  form  a crystallizable  salt. 
It  is  also  easily  super-saturated  by  dissolving  the  sub-car- 
tanate  in  water,  (one  ounce  in  ten  pounds),  and  by  the 
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assistance  of  cold  and  pressure  impregnating  the  solution 
strongly  with  carbonic  acid  gas ; the  liquor,  when  a suffi- 
cient quantity  of  carbonic  acid  has  been  combined  in  it,  is 
pleasantly  acidulous,  with  some  pungency,  and  the  alkali 
thus  super-saturated  proves  less  irritating  to  the  stomach 
- than  in  any  other  state. 

Carbonate  of  Soda. — The  salt  which  usually  receives 
this  name  is  in  strictness  of  nomenclature  a sub-carbonate, 
for  its  taste  is  alkaline,  and  it  changes  the  vegetable  co- 
lours to  a green.  It  is  extracted  from  the  saline  matter 
obtained  by  the  combustion  of  marine  plants,  the  barilla 
of  commerce ; the  purer  kinds  of  barilla  being  lixiviated 
with  warm  water,  and  the  solution  being  evaporated,  so 
that  on  cooling  it  shall  crystallize.  The  crystals  arc  octa- 
hedrons •,  they  are  efflorescent,  so  as  in  a dry  atmosphere 
to  be  soon  reduced  to  a powder.  They  require,  at  a me- 
dium temperature,  twice  their  weight  of  water  for  solu- 
tion, and  are  more  abundantly  soluble  in  hot  water,  the 
saturated  solution  crystallizing  on  cooling.  Exposed  to 
heat,  they  suffer  the  watery  fusion  from  the  action  of  a large 
quantity  of  water  of  crystallization  ; as  this  is  dissipated, 
the  salt  appears  as  a dry  white  powder,  which  by  an  in- 
crease of  heat  may  be  fused  and  partially  decomposed. 
The  proportions  of  the  crystallized  salt  are  21.58  of  soda, 
14.42  acid,  and  64  water  of  crystallization.  Soda  more 
fully  saturated  with  carbonic  acid  may  be  obtained  either 
by  transmitting  carbonic  acid  gas  through  a solution  of  the 
sub-carbonate,  or,  according  to  a process  now  received  in 
the  London  Pharmacopoeia,  mixing  one  part  of  it  with 
three  parts  of  sub-carbonate  of  ammonia,  the  carbonic 
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acid  of  the  latter  salt  being  transferred  to  the  soda,  and 
the  ammonia  being  distilled  off'.  The  residual  liquor  affords 
crystals  of  carbonate  of  soda.  The  alkali  may  also  be  su- 
per-saturated with  carbonic  acid  by  the  same  process  as- 
that  followed  with  the  carbonate  of  potash  ; and  this  su- 
per-saturated solution  is  like  the  other  in  medicinal  use. 

Carbonate  of  Ammonia. — Ammonia,  by  combination 
with  carbonic  acid  in  different  proportions,  affords  vari- 
ous products,  in  which,  however,  the  alkali  is  not  altoo-e- 
ther  neutralized.  Though  they  exist  in  a concrete  state, 
they  arc  volatile,  retain  the  pungent  ammoniacal  odour 
and  taste,  and  change  the  vegetable  colours  4 to  a green. 
^ he  combination  is  easily  established  ; by  presenting  the 
two  gases  to  each  other,  they  instantly  unite  and  form  a 
concrete  salt.  It  is  more  usually  obtained,  however,  eco- 
nomically, in  an  indirect  mode,  by  decomposing  muriate 
of  ammonia  by  carbonate  of  potash  or  lime. 

Equal  parts  of  chalk,  dried,  and  oi  muriate  of  ammo- 
nia, are  mixed  together,  and  put  into  an  earthen  retort, 
or  an  iron  pot,  to  which  a capital  is  adapted,  and  which  is 
connected  with  a large  receiver.  Heat  is  applied,  by 
which  a double  decomposition  is  effected,  the  lime  at- 
tiacting  the  muriatic  acid,  and  the  ammonia,  the  carbonic 
acid.  I he  muriate  of  lime  remains  in  the  vessel,  and  the 
carbonate  ol  ammonia  being  volatilized,  is  condensed  on 
the  sides  of  the  receiver  in  the  form  of  a crust.  Some- 
limes  it  is  obtained  by  another  process  in  solution  in  wa- 
ter. Equal  parts  of  muriate  ol  ammonia  and  of  sub-car- 
bonate  of  potash  are  put  into  a retort  with  two  parts  ofwa- 
,cr»  antl  heat  E applied ; a double  decomposition  likewise 
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takes  place  in  this  case,  the  muriatic  acid  uniting  with  the 
potash,  and  the  carbonic  acid  with  the  ammonia ; the 
carbonate  of  ammonia  passes  over  with  the  aqueous  va- 
pour, which,  when  condensed,  is  sufficient  to  dissolve  it. 

Carbonate  of  ammonia  is  also  obtained  in  large  quanti- 
ty in  the  decomposition  of  animal  matter  by  heat.  It  is 
thus  procured  from  bones,  and  forms  the  impure  product 
which  has  been  named  salt  of  Hartshorn. 

The  composition  of  these  products  varies  so  much,  that, 
according  to  their  analysis  by  Mr  Davy,  the  quantity  of 
ammonia  is  from  20  to  50  in  100  parts.  The  carbonic 
acid  and  water  are  super-abundant  in  it,  as  the  tem- 
perature at  which  the  compound  has  been  formed  is  low  ; 
that  formed  at  300°  contained  he  found  above  50  of  alka- 
li, while  that  formed  at  60°  contained  only  20';  but  in 
none  of  them  is  the  alkali  neutralized. 

Sub-carbonate  of  ammonia  is  very-soluble  in  water  ; at 
a mean  temperature  it  requires  only  twice  its  weight,  and 
at  212°  less  than  its  own  weight  is  sufficient  for  its  solu- 
tion. Its  saturated  solution  deposites  crystals,  the  figure 
of  which  appears  to  be  octohedral.  Exposed  to  a very 
moderate  heat,  it  is  entirely  volatilized,  but  is  easily  con- 
densed, and  its  deposition  on  the  sides  of  the  vessel  is  of  a 
regular  dendritical  form.  It  effloresces  on  exposure  to 
the  air,  and  its  odour  becomes  weaker,  perhaps  from  the 
loss  of  its  moisture,  or  from  the  absorption  of  carbonic 
acid. 

This  salt  is  used  in  medicine  as  a stimulant  and  diapho- 
retic, and  as  a stimulating  perfume. 
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Carbonate  of  Barytes  exists  native.  When  obtained 
by  adding  carbonic  acid  to  barytic  water,  or  by  decompo- 
sing muriate  of  barytes  by  an,  alkaline  carbonate,  it  is  in 
the  form  of  a white  powder,  of  considerable  specific  gravi- 
ty ; is  not  soluble  in  water  in  any  appreciable  quantity, 
but  is  dissolved  in  small  quantity  when  the  .water  is  im- 
pregnated with  carbonic  acid.  This  artificial  carbonate 
is  decomposed  by  heat,  its  carbonic  acid  being  easily  and 
completely  expelled,  owing,  as  lias  been  supposed,  to  the 
presence  of  Water  which  favours  the  transition  of  the  acid 
to  the  elastic  form  ; while  in  the  artificial  carbonate  which 
contains  less  water,  the  decomposition  is  much  more  dif- 
ficult ; though  by  a heat  sufficiently  powerful,  Dr  Hope 
has  shewn  that  it  can  be  effected.  The  addition  of  a little 
carbonaceous  matter  favours  the  decomposition,  by  con- 
verting the  carbonic  acid  into  carbonic  oxide. 

Carbonate  of  Strontites  is  precipitated,  on  adding- 
carbonic  acid,  or  a solution  of  an  alkaline  carbonate,  to  a 
solution  of  strontites,  or  of  a strontitic  salt.  With  an  ex- 
cess of  acid  it  becomes  soluble.  The  artificial  carbonate, 
like  that  of  barytes,  is  more  easily  decomposed  than  the 
native. 

Carbonate  of  Lime  exists  in  nature  in  great  abun- 
dance and  under  a variety  of  forms.  It  is  formed  artifi- 
cially, by  adding  carbonic  acid  to  lime-water;  by  agitat- 
ing water  impregnated  with  that  acid  with  lime,  or  by  de- 
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composing  any  of  the  soluble  salts  of  lime  by  any  of  the  alka- 
line carbonates ; but  its  chemical  properties  are  generalb 
described  from  those  varieties  of  it  which  exist  native  in  a. 
'state  of  purity.  It  is  very  sparingly  soluble  in  water,  and 
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in  those  forms  of  it  in  which  the  cohesion  is  considerable,, 
appeal’s  altogether  insoluble.  By  an  excess  of  carbonic 
acid,  solubility  is  communicated.  When  exposed  to  heaty 
it  first  loses  what  water  it  contains,  and,  if  transparent 
and  hard,  becomes  white,  opaque,  and  friable.  If  the 
heat  be  augmented,  the  carbonic  acid  is  expelled,  and 
pure  lime  remains.  This  operation  is  performed  on  a 
laige  scale,  on  the  different  varieties  of  the  native  carbo-* 
nate,  marble,  chalk,  and  more  particularly  limestone,  to 
obtain  lime  for  the  numerous  uses  to  which  it  is  applied. 
The  experiments  of  Sir  James  Hall  have  proved,  that  if 
the  separation  ol  the  carbonic  acid  from  its  combination 
with  the  lime  be  prevented  by  the  requisite  pressure,  the 
carbonate  may  be  fused,  and  by  a heat  comparatively  mo- 
derate, intermediate  between  20°  and  30°  of  Wedgwood’s 
scale,  according  to  the  more  or  less  perfect  compression. 
A substance  is  thus  formed,  having  considerable  hardness 
and  closeness  of  texture,  and  approaching  by  these  quali- 
ties, as  well  as  in  fracture  and  specific  gravity,  to  the  finer 
kinds  of  limestone  or  marble.  Bucholz  has  since  disco- 
vered, that  even  without  compression  carbonate  of  lime  is 
fused  when  it  is  submitted  to  heat  in  a large  mass.  The  ' 
acids  expel  the  carbonic  acid  from  carbonate  of  lime, 
with  effervescence  j and  this  property  of  effervescing 
strongly  on  the  contact  of  an  acid,  affords  a discriminat- 
ing character  of  carbonate  of  lime.  The  native  carbonate 
perfectly  pure,  consists  of  55  of  lime,  and  45  of  acid. 

Carbonate  of  Magnesia  is  prepared  for  medicinal  use 
by  dissolving  equal  weights  of  sulphate  of  magnesia  and 
sub-carbonate  of  potash  separately  in  twice  their  weight  of 
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Water;  mixing  them  together,  and  immediately  diluting 
with  eight  parts  of  warm  water  : the  magnesia  attracts  the 
carbonic  acid ; and  the  compound  being  insoluble,  is  preci- 
pitated, while  the  sulphate  of  potash  that  is  formed  remains 
in  solution.  The  mixture  is  made  to  boil  for  a few  mi- 
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nutes  : after  cooling  a little,  it  is  poured  upon  a filtre  : the 
clear  fluid  runs  through,  and  the  precipitate  of  carbonate 
of  magnesia  is  washed  with  water  till  it  is  tasteless.  When 
the  process  is  conducted  on  the  large  scale,  the  bittern,  or 
liquor  remaining  after  the  crystallization  of  sea  salt,  which 
is  principally  a solution  of  muriate  and  sulphate  of  mag- 
nesia, is  substituted  for  the  pure  sulphate,  and  this  is  pre- 
cipitated by  a solution  of  pearlash,  or  of  carbonate  of  am- 
monia procured  by  distillation  from  animal  substances. 

Carbonate  of  magnesia  is  perfectly  white,  nearly  taste- 
less, possessing  little  coherence  in  its  texture,  and  of  a spe- 
cific gravity  not  more  than  2.3.  It  is  very  sparingly  so- 
luble in  water ; requiring  at  least  2000  times  its  weight,  at 
the  temperature  of  60°.  In  this  state,  however,  it  is  ra- 
ther a sub-carbonate.  When  acted  on  by  water  impreg- 
nated with  carbonic  acid,  it  is  dissolved ; and  from  this  so- 
lution allowed  to  evaporate  spontaneously,  the  carbonate 
of  magnesia  is  deposited  in  small  hexagonal  prismatic  crys- 
tals, which  are  transparent  and  efflorescent : they  arc  so- 
luble in  48  parts  of  water,  at  60°  ; and,  by  slow  evapora- 
tion, this  solution  again  affords  crystals.  These  consist  of 
25  of  magnesia,  50  of  acid,  and  25  of  water;  while  the 
proportions  of  the  common  carbonate  are,  from  45  to  55 
of  earth,  from  25  to  48  of  acid,  and  from  15  to  30  of 
Water. 
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Carbonate  of  Argil  can  scarcely  be  formed  : watof 
impregnated  with  carbonic  acid  dissolves  a portion  of  the 
earth  ; but  in  evaporating  the  solution,  the  carbonic  acid  is 
expelled ; and  when  an  argillaceous  salt  is  decomposed  by 
an  alkaline  carbonate,  the  argil  is  precipitated,  and  re- 
tains little  carbonic  acid  combined  with  it. 

The  other  earthy  carbonates  arc  scarcely  known.  Car- 
bonate of  Zircon  is  insoluble.  Carbonate  of  Glu- 
cine,  obtained  by  double  decomposition,  is  precipitated 
in  a soft  state,  and  is  not  easily  dried;  is  insipid,  insoluble 
in  water,  and  is  not  rendered  soluble  by  an  excess  of  acid. 

Water  impregnated  with  carbonic  acid  dissolves  small 
portions  of  some  of  the  metals,  particularly  iron  and  zinc. 
By  indirect  modes  it  can  be  combined  with  the  oxides  of 
the  other  metals,  forming  compounds  afterwards  to  be.  no- 
ticed. 


Sect.  V. — Of  Carbonic  Oxide. 

Charcoal,  in  burning,  combines  with  that  proportion 
of- oxygen  which  converts  it  into  carbonic  acid.  But  an 
intermediate  product  in  the  state  of  an  oxide,  it  has  been 
supposed,  can  be  obtained  by  processes  in  which  oxygen 
and  charcoal  are  combined* in  a different  mode,  or  in  which 
carbonic  acid  is  decomposed  and  its  oxygen  partially  ab- 
stracted. 

The  processes  in  which  the  production  of  carbonic 
oxide  was  first  observed,  consist  in  exposing  mixtures  o< 
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.certain  metallic  oxides,  particularly  the  grey  oxide  or 
.scales  of  iron  with  charcoal  to  a red  heat  •,  a very  large 
quantity  of  elastic  fluid  is  disengaged,  which  consists  part- 
ly of  carbonic  acid : but  when  this  is  abstracted  by  agita- 
tion with  water,  there  remains  an  elastic  fluid  inflam- 
mable, and  which,  in  burning,  is  converted  into  carbonic 
acid  ; it  has  hence  been  regarded  as  a gaseous  oxide  of 
carbon.  On  this  hypothesis  it  must  be  supposed,  that  in 
its  formation  the  oxygen  of  the  metallic  oxide  has  com- 
bined with  the  charcoal,  and  from  the  excess  of  charcoal 
present,  has  formed  .this  oxide  rather  than  carbonic  acid. 

There  are  other  processes  in  which  a product  strictly 
analogous  is  obtained,  from  the  partial  decomposition  of 
carbonic  acid.  Thus,  if  native  carbonate  of  .barytes,  or 
dried  carbonate  of  lime,  be  mixed  with  zinc  or  iron-filings* 

O ' 

And  exposed  to  a low  red  heat,  there  is  an  abundant  pro- 
duction of  elastic  fluid : this  contains  a small  portion  of 
carbonic  acid,  but  it  consists  principally  of  an  inflammable 
gas,  which,  like  the  former,  is  converted  into  carbonic  acid 
in  burning,  and  towards  the  end  of  the  process  this  gas  is 
even  disengaged  perfectly  pure.  Its  production,  on  the 
supposition  that  it  is  a pure  oxide  of  carbon,  must  be  as- 
cribed to  the  metal  abstracting  a portion  of  the  oxygen  of 
the  carbonic  acid  disengaged  from  the  carbonate  of  bary- 
tes or  carbonate  of  lime.  And  this  decomposition,  so  as 
to  afford  this  product,  is  established  by  another  process 
still  more  direct, — passing  carbonic  acid  gas  repeatedly 
through  an  iron-tube,  containing  clean  iron  wire  at  a red 
heat ; the  iron  is  oxidated,  and  the  carbonic  acid,  if  the 
process  is  continued  sufficiently  long,  is  converted  into 
carbonic  oxide. 
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Some  chemists,  Bertliollet  in  particular,  have  supposed 
that  this  gas  always  contains  a portion  of  hydrogen,  and 
is  therefore  a ternary  compound,  not  a pure  carbonic  ox- 
ide. When  obtained  from  processes  in  which  charcoal  is 
employed,  the  hydrogen,  which  there  is  some  reason  to 
believe  exists  in  this  inflammable  substance,  may  enter 
into  combination  with  the  oxygen  and  carbon  which  form 
the  elastic  product;  and  accordingly  the  gas  produced  by 
this  process  has  been  observed,  in  burning,  not  only  to 
form  carbonic  acid,  but  to  deposite  also  a portion  of  wa- 
ter. In  the  processes  in  which  it  is  obtained  from  the 
partial  decomposition  of  carbonic  acid,  the  hydrogen  sup- 
posed to  be  contained  in  it  must  be  derived  from  the  small 
portion  of  water  which  that  acid  is  supposed  to  hold  com- 
bined. 

There  is  considerable  uncertainty  with  regard  to  the 
existence  of  hydrogen  in  well  calcined  charcoal,  or  the  pre- 
sence of  combined  water  in  carbonic  acid,  and  hence  it  is 
difficult  to  form  a decided  conclusion  with  regard  to  this 
question.  The  production  of  a portion  of  water  in  the 
. combustion  of  this  gas  is  no  proof  that  hydrogen  is  essen- 
tial to  its  composition,  for  the  hydrogen  affording  this  may 
exist  in  the  state  of  carburetted  hydrogen  merely  mixed 
with  it,  and  besides,  as  obtained  by  other  processes,  there 
is  no  deposition  of  water.  Its  production  from  the  de- 
composition of  the  carbonic  acid  existing  in  carbonate  of 
barytes,  a compound  in  which  the  carbonic  acid  has  been 
supposed  to  exist  without  even  that  small  portion  ot  water 
which  the  acid  contains  in  its  usual  form,  and  its  produc- 
tion also  from  carbonic  acid  gas,  which  has  been  pr<n  iogs- 
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fy  exposed  to  the  action  of  muriate  of  lime,  so  as  to  ab- 
stract any  water,  render  more  probable  the  conclusion  that 
hydrogen  is  not  essential  to  the  constitution  of  this  elastic 
fluid,  and  at  least  prove  that  the  quantity  of  that  element 
in  its  composition  must  be  extremely  small.  It  is  therefore 
on  the  whole  perhaps  the  most  probable  opinion,  that  it  is 
an  oxide  of  carbon. 

There  is  one  fact,  however,  rather  singular  with  regard 
to  this  gas,  which  has  been  supposed  favourable  to  the  sup- 
position that  hydrogen  is  one  of  its  elements, — this  is  its 
comparative  levity.  Jt  is  rather  lighter  than  atmospheric 
air : oxygen  gas  is  heavier  : when  combined  with  carbon,  a 
heavier  ingredient,  it  might,  in  retaining  the  elastic  form, 
be  expected  still  to  become  specifically  heavier,  and  it  actual- 
ly does  so  in  forming  carbonic  acid  yet,  in  increasing  the 
proportion  of  carbon  farther  so  as  to  form  carbonic  oxide, 
it  becomes  specifically  lighter.  This  is  an  anomaly,  which 
it  has  been  supposed  can  be  accounted  for  only  on  the 
supposition  that  hydrogen  exists  in  the  latter  gas,  and 
• communicates  its  comparative  levity.  Some  weight  is  due 
to  this,  yet  there  are  some  similar  anomalies  in  other  cases 
of  chemical  combination,  and  it  cannot  therefore  be  re- 
garded as  conclusive. 

Carbonic  oxide  is  permanently  elastic.  Its  specific  gra- 
vity is  to  that  of  atmospheric  air  as  967  to  1000.  It  is  ab- 
sorbed in  small  quantity  by  water,  100  cubic  inches  con- 
densing 2 of  the  gas ; but  it  has  no  acid  taste,  nor  either 
in  this  condensed  state  or  in  its  liquid  form  does  it  con- 
tract any  union  with  the  alkalis  or  earths.  It  burns  with 
a blue  lambent  flame,  but  does  not  explode  when  previous- 
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ly  mixed  with  atmospheric  air  and  kindled,  nor  does  it 
combine  with  much  oxygen  ; for  although  it  is  necessary 
to  its  complete  combustion,  that  an  excess  of  oxygen  should 
be  present,  100  cubic  inches  of  it  consume  not  more  than 
35  cubic  inches  of  the  oxygen  gas.  It  forms  a quantity  of 
carbonic  acid  gas  equal  in  weight  to  the  carbonic  oxide 
and  oxygen  consumed.  From  the  products  Cruickshank 
inferred  that  it  consists  of  21  of  oxygen  and  8.6  of  car- 
bon.  Clement  and  Dcsormcs  state  them  at  58.4  of  oxy- 
' gen  and  4 1 .6  of  carbon.  The  gas  produced  from-the  mutual 
action  of  charcoal  and  metallic  oxides  deposites  a little  water 
in  burning,  whence  Cruickshank  stated  its  composition  at 
15  of  oxygen,  7 of  carbon,  and  1 of  hydrogen.  It  is  more 
probable,  however,  that  it  is  the  same  with  the  other,  and 
that  the  small  quantity  of  hydrogen  exists  rather  in  the 
state  of  carburetted  hydrogen  mixed  with  the  carbonic 
oxidq. 


Sect.  VI. — Of  Oxy-carburetted  Hydrogen  Gases. 

There  are  obtained,  in  different  processes,  inflammable 
elastic  fluids,  which,  in  their  combustion,  afford  carbonic 
acid  and  water  in  different  proportions,  and  which  appear, 
therefore,  to  be  compounds  of  carbon,  hydrogen,  and  oxy- 
gen, and  as  such  may  have  the  common  name  of  oxy-car- 
buretted hydrogen  applied  to  them.  There  is,  however, 
much  difficulty  in  discovering  their  composition,  especial- 
ly with  regard  to  the  proportions  of  their  constituent  parts. 
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and  it  is  even  not  easy  to  establish  their  specific  distinc- 
tions, so  as  determine  whether  some  of  them  are  not  mix- 
tures of  others.  In  this  imperfect  state  of  our  knowledge 
on  this  subject,  it  will  be  sufficient  to  point  out  those  ol 
them  which  are  afforded  by  uniform  processes,  and  to 
state  briefly  their  properties,  and  the  best  established  facts 
with  regard  to  their  analysis. 

If  water  be  passed  over  charcoal  in  a tube  raised  to  a 
red  heat,  a large  quantity  of  elastic  fluid  is  obtained,  con- 
sisting partly  of  carbonic  acid,  and  partly  of  an  inflamma- 
ble gas  j the  former  having  been  formed  by  the  combina- 
tion of  the  oxygen  of  a portion  of  the  water  with  part  of 
the  charcoal,  the  other  from  the  combination  of  tire  hy- 
drogen of  the  decomposed  water  with  another  portion  of 
charcoal ; the  carbonic  acid  is  abstracted  by  agitation  with 
water  j the  inflammable  gas  remains.  It  has  been  named 
Carburettcd  Hydrogen,  on  the  supposition  that  it  is  a com- 
pound of  carbon  and  hydrogen.  This,  however,  is  very 
doubtful.  The  quantity  of  carbonic  acid  produced  does 
not  bear  the  due  proportion  to  the  quantity  of  inflamma- 
ble gas  which  it  ought  to  do,  did  the  whole  of  the  oxygeq 
of  the  decomposed  water  enter  into  combination  with  car- 
bon so  as  to  form  that  acid  ; a portion  of  oxygen,  therefore, 
enters  mto  combination  with  the  hydrogen  and  carbon,  and 
the  inflammable  gas  is  thus  a ternary  compound  of  these 
elements.  It  accordingly  deposites  a quantity  of  water  in 
its  combustion ; this,  Cruickshank  supposed,  might  have 
pre-existed  in  it,  but  the  quantity  is  too  large  to  admit  of 
this  supposition,  especially  as  the  carbonic  acid  produced 
must  also  hold  a portion  of  water  combined. 
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This  gas  has  a specific  gravity  compared  with  atmosphe- 
ric air  as  11  to  23.  It  is  inflammable,  but  less  so  than 
pure  hydrogen  ; it  burns  with  a blue  lambent  flame.  100 
measures  of  it  combine  in  burning  with  66  measures  of 
oxygen,  and  produce  40  of  carbonic  acid  gas,  with  9 
grains  of  water  deposited,  besides  the  quantity  which  may 
be  retained  dissolved  by  the  carbonic  acid  gas.  It  is  ex- 
tremely deleterious  in  its  action  on  the  living  system  when 
received  into  the  lungs.  An  animal  breathing  it  pure  is 
ahnost  instantly  killed  j and  even  when  diluted  with  20 
parts  of  atmospheric  air,  it  produces,  when  respired,  sick- 
ness, vertigo,  fainting,  and  other  symptoms  of  exhausted 
power.  It  has  the  peculiar  effect  on  the  blood  of  giving 
to  it  a florid  red  hue.  . 

Other  elastic  fluids,  composed  principally  of  carbon  .and 
hydrogen,  with  probably  a proportion  of  oxygen,  are  dis- 
engaged in  the  decomposition  of  various  vegetable  pro- 
ducts by  heat.  Thus,  by  passing  the  vapour  of  camphor 
through  a red  hot  tube,  one  is  obtained  considerably  hea- 
vier, and  which,  in  burning,  consumes  more  than  double 
the  quantity  of  oxygen,  100  cubic  inches  combining  with 
176  of  oxygen  gas,  and  Forming  116  of  carbonic  acid  gas, 
with  18  grains  of  water' deposited.  The  vapour  ot  ether 
or  of  alkoliol  passed  through  an  ignited  tube  affords  si- 
milar gases,  rather  lighter,  howeyer,  and  consuming  in 
their  combustion  less  oxygen.  100  cubic  inches  of  the 
gas  from  ether  combines  in  burning  with  170  of  oxygen 
gas,  and  afford  108  of  carbonic  acid  with  18  grains  ot  wa- 
ter deposited  : of  the  gas  from  alkohol  100  cubic  inches 
in  burning  combine  with  1 IS  of  oxygen,  and  afford  < 5 ol 
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carbonic  acid  gas  with  13  of  water  deposited.  The  gas 
which  arises  from  marshes,  disengaged  probably  from  the 
slow  decomposition  of  vegetable  matter,  is  similar  to  the 
gas  from  camphor  or  ether  decomposed  by  heat ; arid  Dr 
Henry  has  found,  that  the  gas  which  collects  in  coal  mines, 
and  is  known  by  the  name  of  Fire  Damp,  is  of  a similar 
nature  with  an  intermixture  of  carbonic  acid  gas  and  at- 
mospheric air. 

All  these  elastic  fluids  can  be  analysed  by  the  operation 
of  another  powerful  chemical  agent  upon  them, — oxy-mu- 
riatic  acid  gas.  If  mixed  with  them  condensation  speedi- 
ly takes  place,  and  the  whole  is  converted  into  water,  car- 
bonic acid,  and  muriatic  acid  : the  oxy-muriatic  acid,  ac- 
cording to  the  theory  which  has  usually  been  received  of 
its  composition,  being  a compound  of  muriatic  acid  and 
oxygen,  and  affording  this  oxygen  to  the  hydrogen  and 
carbon  of  the  inflammable  gas.  A similar  action  is  exert- 
ed, accompanied  with  detonation,  when  the  electric  spark 
is  transmitted  through  the  mixture  of  these  gases.  Car- 
bonic oxide  does  not  detonate  with  oxymuriatic  acid  gas, 
and  this,  independent  of  other  characters,  discriminates  it 
from  these  gases,  and  farther  renders  it  probable  that  no 
hydrogen  exists  in  its  composition. 

An  elastic  fluid  of  the  same  family,  but  possessed  of  cha- 
racters still  more  distinctly  marked,  is  that  which  has  re- 
ceived the  name  of  Olefiant  Gas.  It  is  formed  during  the 
latter  stage  of  the  process  of  the  formation  of  what  is 
named  Sulphuric  Ether,  by  the  action  of  sulphuric  acid  on 
alkohol  at  a high  temperature  ; or  it  can  be  obtained  di- 
rectly, and  in  large  quantity,  by  mixing  throe  parts  of  sub 
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phuric  acid  by  weight  with  one  part  of  alkohol,  and  sub- 
mitting the  mixture  in  a retort  to  a moderate  heat.  An 
effervescence  is  soon  excited,  the  elastic  fluid  disengaged 
is  the  olefiant  gas  mixed  with  a portion  of  sulphurous  acid 
gas  ; the  latter  is  abstracted  by  agitation  with  water,  and 
the  former  remains  pure. 

This  gas  derives  its  name  from  the  singular  chemical 
property  it  exhibits,  that,  when  mixed  with  oxymuriatic 
acid  gas,  condensation  of  the  two  gases  quickly  takes  place, 
and  a liquid  is  produced  from  their  mutual  action,  which 
collects  first  in  a film  on  the  surface  of  the  water,  and  af- 
terwards into  globules  haying  all  the  appearance  of  oil ; it 
is  rather  heavier  than  water,  and  hence  the  globules  soon 
sink ; it  is  whitish  and  semi-transparent,  has  a smell  some- 
what aromatic  and  a sweetish  taste.  By  agitation  with 
water  it  is  dissolved.  The  theory  of  its  production  is  not 
very  well  ascertained ; for  it  remains  doubtful  whether 
oxygen  is  communicated  from  the  oxymuriatic  acid  to  the 
entire  principles  of  the  olefiant  gas,  so  as  to  convert  them 
into  this  product,  or  whether  it  combines  principally  with 
its  hydrogen,  leaving  the  other  principles  in  that  state  of 
combination  whence  it  is  formed.  Mr  Davy  has  found, 
that  muriate  of  potash  is  formed  by  the  action  of  potas- 
sium on  it,  and  has  supposed,  therefore,  that  it  may  be  a 
compound  of  oxymuriatic  acid,  carbon  and  hydrogen. 

Olefiant  gas  has  a specific  gravity  very  nearly  the  same 
as  atmospheric  air,  the  difference  being  only  as  909  to 
1000.  It  has  an  odour  slightly  fetid ; is  absorbed  in 
small  quantity  by  water ; it  burns  with  a dense  oily  flame, 
md  the  emission  of  much  light;  and  if  previously  mixed 
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With  a sufficient  quantity  of  atmospheric  air  or  oxygen 
gas,  detonates  with  much  violence.  Of  any  of  these  in- 
flammable gases,  it  is  the  one  which  consumes  the  largest 
quantity  of  oxygen  in  its  combustion,  and  gives  the  largest 
product  of  carbonic  acid  j 100  measures  of  it  requiring, 
according  to  Dr  Henry’s  experiments,  325  of  oxygen  for 
its  perfect  combustion,  and  producing  200  measures  of 
carbonic  acid.  From  its  greater  specific  gravity  compared 
with  the  other  inflammable  gases,  it  is  evident  that  its 
principles  are  in  a state  of  greater  condensation  •,  and 
from  the  large  quantity  of  oxygen  it  consumes,  it  is  also 
evident,  that  not  much  of  that  element  exists  in  its  com- 
position, but  that  it  must  consist  chiefly  of  carbon  and 
hydrogen.  Berthollet  has  supposed  that  it  is  composed 
of  75  of  carbon  and  25  of  hydrogen. 

Olefiant  gas  is  disengaged  in  other  processes,  though 
not  perfectly  pure.  It  is  formed  by  passing  the  vapour  of 
alkohol  either  over  ignited  siliceous  or  argillaceous  earth. 
From  the  gas  which  is  disengaged  in  the  decomposition 
of  wood,  and  of  some  inflammable  vegetable  products  by 
heat,  burning  with  a dense  oily  flame,  it  is  probably  ole- 
fiant gas  in  a state  of  greater  or  less  purity.  It  appears, 
too,  that  the  gas  disengaged  from  the  bituminous  matter  of 
coal  by  heat,  and  which  has  been  applied  to  the  purpose 
of  affording  illumination  by  its  combustion,  is  of  a similar 
nature.  It  burns  with  a dense  oily-like  flame,  even  when 
it  has  been  freed  by  washing  from  the  bituminous  matter 
suspended  in  it ; and  it  consumes  in  burning,  as  I)r 
Henry  has  found,  a very  large  quantity  of  oxygen  gas, 
and  affords  a large  product  of  carbonic  acid.  It  appears, 
however,  from  liis  observations,  not  to  be  precisely  the 
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same  with  the  olefiant  gas,  though  it  is  undoubtedly  of 
analogous  constitution.  The  gases  disengaged  from  the 
decomposition  of  oil  and  of  wax  by  heat  are  similar,  and 
the  flame  they  give  in  burning  consists  chiefly  of  this  elas- 
tic fluid  evolved  by  the  heat,  and  in  a state  of  combustion. 

With  regard  to  all  the  gases  which  have  now  been  de- 
scribed, it  may  be  remarked,  in  concluding  their  history, 
that  it  is  not  improbable  that  their  chemical  constitution 
is  not  uniform,  but  is  liable  to  variations  from  the  opera-' 
tion  of  the  circumstances  under  which  they  are  formed. 
Carbon,  hydrogen,  and  oxygen,  are  principles  having 
mutual  affinities  so  equally  adjusted,  that  they  appear  to 
be  capable  of  entering  into  union  in  numerous,  and  per- 
haps in  indefinite  proportions,  and  the  slightest  variation 
of  temperature,  and  of  other  circumstances,  will  have  a 
material  influence  on  their  combination.  The  operation 
of  such  circumstances  is  accordingly  conspicuous  in  the 
different  nature  of  the  elastic  fluids  disengaged  in  the 
above  processes,  from  very  slight  differences  in  the  pro- 
cesses by  which  they  are  procured.  It  is  far  from  being 
improbable,  too,  as  Dr  Henry  has  remarked,  that  these 
gases  may  often  be  disengaged  in  a state  of  intermixture, 
by  which  they  will  appear  to  be  still  more  diversified  than 
they  actually  are.  He  has  supposed,  with  Mr  Dalton, 
that  all  these  gases  may  be  mixtures  of  two  species,  the 
Carburetted  Hydrogen,  obtained  in  the  decomposition  of 
water  by  charcoal,  and  the  Olefiant  Gas,  with  sometimes 
portions  of  carbonic  oxide  or  pure  hydrogen,  but  this  jV 
more  doubt  ful. 
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CHAP.  IV. 

OF  PHOSPHORIC  ACID,  ITS  RASE,  AND  THEIR 
COMBINATIONS. 

Phosphoric  acid,  by  decomposition,  affords  phospho- 
rus, a substance  distinguished  by  its  high  inflammability, 
and  which,  so  far  as  the  processes  of  analysis  have  been 
carried,  is  the  base  of  this  acid,  forming  it  by  combina- 
tion with  oxygen.  With  a smaller  proportion  of  oxygen, 
it  forms  Phosphorus  Acid.  With  hydrogen  it  produces 
an  elastic  compound.  It  unites  with  sulphur  and  the 
metals,  and  is  chemically  acted  on  by  the  alkalis  and 
earths. 


.Sect.  I. — Of  Phosphorus. 

It  was  known  to  some  of  the  alchemists,  that  a sub- 
stance might  be  procured  which  burns  spontaneously  on 
exposure  to  the  air.  Kunckel  made  known  the  process 
by  which  they  obtained  it,  that  of  distilling  urine  to  dry- 
hess,  and  urging  the  solid  residuum  with  u strong  heat, 
the  phosphoric  acid  existing  in  the  salts  of  the  urine  being 
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decomposed,  and  its  oxygen  abstracted  by  the  animal 
matter.  By  the  addition  of  charcoal,  this  decomposition 
is  facilitated  : and  the  product  is  also  increased,  by  an  im- 
provement introduced  by  Margraaf,  that  of  adding  a por- 
tion of  muriate  of  lead,  which,  by  abstracting  the  phos- 
phoric acid  from  the  soda  and  lime  with  which  it  is  in 
part  combined,  allows  it  to  be  more  easily  decomposed. 

Still  the  process  was  offensive  and  difficult ; and  phos- 
phorus is  now  obtained  with  more  facility,  by  decomposing 
phosphoric  acid  in  a purer  form.  Scheele  discovered,  that 
the  solid  matter  of  bones,  obtained  by  burning  them  to 
whiteness,  is  a compound  of  phosphoric  acid  and  lime. 
This  reduced  to  powder  is  submitted  to  the  action  of  half 
its  weight  of  sulphuric  acid,  diluted  with  from  10  to  20 
parts  of  water,  aiding  their  mutual  action  by  the  applica- 
tion of  a moderate  heat.  The  sulphuric  acid  exerts  an 
affinity  to  the  lime,  and  combines  with  a portion  of  it  •, 
the  phosphoric  acid,  holding  the  remaining  lime  in  com- 
bination, is  obtained  by  lixiviating  the  materials  with  boil- 
ing water  ; the  solution  of  super-phosphate  of  lime  thus 
procured  is  evaporated  to  dryness  ; the  dry  mass  is  mixed 
with  half  its  weight  of  charcoal  powder,  and  the  mixture 
is  urged  with  a fire  gradually  raised  in  an  earthen  retort 
with  a wide  neck,  to  which  a copper  tube  is  adapted,  the 
extremity  of  which  dips  in  water  ; the  charcoal  attracts 
the  oxygen  of  the  phosphoric  acid,  and  the  phosphorus  is 
volatilized  and  condenses,  partly  in  the  tube  and  partly  in 
the  water.  The  process,  from  the  great  inflammability  ol 
the  product,  requires  considerable  care.  "I  he  phosphorus 
has  a brown  colour,  from  the  presence  of  a small  quantity 
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of  carbonaceous  matter,  which  is  removed  by  straining  it 
through  leather  when  melted  under  warm  water,  or  by 
digesting  it  with  a little  nitric  or  oxymuriatic  acid.  When 
melted  under  water  it  is  run  into  moulds,  so  as  to  be  form- 
ed into  cylindrical  pieces. 

Phosphorus,  when  pure,  is  nearly  colourless,  and  is  se- 
mi-transparent. It  has  the  consistence  of  wax,  with  rather 
more  brittleness.  Its  fracture  is  often  radiated,  shewing  a 
crystalline  structure,  and  by  slow  cooling  it  can  even  be 
crystallized  in  octohedrons.  It  melts  at  99°  of  Fahrenheit, 
is  volatilized  at  219°,  and  boil  at  554°. 

Exposed  to  atmospheric  air  it  emits  white  fumes,  and  in 
the  dark  appeals  luminous, — appearances  arising  from  its 
combustion.  If  heated  to  100  this  is  brighter  ; and  at  160 
it  burns  with  the  emission  of  much  heat  and  light.  Its 
rapid  combustion  is  also  excited  by  friction  without  heat. 
In  oxygen  gas  its  combustion  is  extremely  vivid,  and  the 
heat  and  light  intense.  A fact  rather  singular  is,  that  the 
slow  combustion  at  low  temperatures  does  not  take  place 
in  oxygen  gas  as  it  does  in  atmospheric  air ; the  heat  re- 
quires to  be  raised  to  above  80,  or  even  to  100;  and  be- 
low 60,  the  phosphorus,  if  the  oxygen  is  pure,  has  not 
dv;-n  in  the  dark  any  luminous  appearance.  From  the 
experiments  made  to  determine  the  cause  of  this  pecu- 
liarity, it  appears,  that  the  slow  combustion  of  phosphorus 
in  atmospheric  air  is  an  indirect  process ; the  phosphorus 
is  dissolved  in  small  quantity  by  the  nitrogen  gas,  and  in 
this  state  being  presented  to  the  oxygen,  combines  with 
it : hydrogen  gas  has  the  same  property  of  dissolving  it, 
and  hence  a little  nitrogen  or  hydrogen,  added  to  oxygep 
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gas,  in  which  phosphorus  is  placed,  causes  immediately 
the  luminous  appearance  from  the  slow  combustion. 

The  slow  combustion  of  phosphorus  in  atmospheric  air 
affords  a very  simple  eudiometrical  process.  The  air 
measured  in  a tube,  divided  into  100  equal  parts,  is  trans- 
ferred into  another  tube  rather  larger,  in  which  it  is  exposed 
to  the  action  of  a cylinder  of  phosphorus,  supported  on  a 
glass  rod;  the  oxygen  is  gradually  abstracted,  and  the  pro- 
duct of  the  combination  is  absorbed  by  the  water  over  which 
the  air  is  confined.  The.diminution  of  volume  is  ascertained 
at  the  end  of  the  experiment,  by  transferring  the  air  into 
the  graduated  tube.  This  method  is  easy  in  the  execution: 
the  result  is  obtained  in  a few  hours;  and  it  has  the 
advantage  of  indicating  when  the  process  is  complete,  the 
rise  of  white  vapours  from  the  phosphorus  and  its  lumi- 
nous appearance  in  the  dark  continuing  while  any  oxygen 
is  present,  and  ceasing  when  the  whole  of  it  has  been 
abstracted.  It  requires  only  one  correction ; the  nitrogen 
gas  dissolving  a small  portion  of  phosphorus,  receives 
from  this  an  increase  of  volume,  aixl  hence  the  diminution 
with  this  method  is  never  so  great  as  with  some  of  the 
others.  The  augmentation  of  volume  amounts  to  about 
a fortieth ; allowance  is  therefore  to  be  made  for  this,  so 
that  if  the  residual  gas,  when  the  experiment  has  been 
made  on  atmospheric  air,  be  equal  to  80  parts,  indicating 
an  abstraction  of  oxygen  equal  to  20,  the  real  volume  is 
78,  indicating  an  abstraction  of  oxygen  equal  to  22. 

Phosphorus  is  easily  oxygenated  by  other  substances. 
It  burns  in  oxy-muriatic  acid  gas,  and  in  nitric  oxide  gas. 
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and  also  in  nitrous  acid  vapour,  and  receives  oxygen  from 
nitrous  acid. 

When  saturated  with  oxygen,  it  forms  a concrete  acid, 
the  Phosphoric.  When  the  oxygenation  is  less  perfect, 
what  is  named  Phosphorous  Acid  is  produced.  The  ex- 
istence of  an  oxide  of  phosphorus  has  also  been  suppo- 
sed, but  is  not  clearly  established. 

Phosphorus  forms  with  hydrogen  an  elastic  compound, 
higldy  inflammable.  Its  compounds  with  sulphur  in  dif- 
ferent proportions  are  likewise  more  inflammable  than 
pure  phosphorus.  With  charcoal  it  appears  to  form  an 
imperfect  combination.  It  unites  with  tire  greater  num- 
ber of  the  metals,  and  forms  compounds  retaining  to  a 
certain  extent  metallic  lustre.  With  the  metallic  bases 
of  the  alkalis,  it  forms  similar  compounds.  The  alkalis 
and  alkaline  earths  act  upon  it,  and  enable  it  to  decom- 
pose water,  whence  phosphuretted  hydrogen  is  produced. 

Inflammable  liquids,  as  alkohol,  ether,  and  the  oils, 
either  expressed  or  volatile,  dissolve  phosphorus,  especial- 
ly w hen  their  action  is  aided  by  very  moderate  heat.  The 
solutions  in  oils  are  luminous  when  exposed  to  the  air, 
with  scarcely  any  sensible  heat.  The  solution  in  alkohol 
gi/es  a vivid  momentary  illumination  when  dropped  on 
water,  and  the  phosphorus  is  precipitated  from  it. 

Phosphorus  has  been  regarded  as  a simple  substance. 
Mr  Davy,  submitting  it  to  the  action  of  galvanism,  found 
hydrogen  to  be  produced  from  it  in  such  quantity,  that 
it  can  scarcely  be  considered  as  an  accidental  ingredient ; 
and  farther,  finding  that  when  acted  on  by  potassium,  the 
compound  formed,  when  submitted  to  the  action  of  an 
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acid,  evolves  less  hydrogen  than  the  same  quantity  of  un- 
combined potassium  would  have  done,  he  concluded  that 
it  contains  oxygen,  that  it  is  a compound  therefore  of  a 
substance  unknown,  with  small  quantities  of  oxygen  and 
hydrogen.  His  subsequent  researches  have  scarcely 
confirmed  this,  but  have  rather  rendered  it  probable,  that 
the  phenomena  whence  the  conclusion  had  been  drawn 
arise  from  the  presence  of  a little  water  in  phosphorus. 


Sect.  II. — Of  Phosphoric  Acid. 

Phosphoric  acid,  obtained  by  the  combustion  of  Phos- 
phorus, is  a fiocculent  substance  of  a white  colour,  which 
deliquesces  on  exposure  to  the  ah'.  The  phosphorus,  in 
burning,  absorbs  its  own  weight  and  a half  of  oxygen  : 
the  acid,  therefore,  consists  of  60  of  oxygen,  and  40  of 
phosphorus. 

Phosphoric  acid  is  obtained  most  economically  from  the 
decomposition  of  the  phosphate  of  lime  of  calcined  bone, 
by  sulphuric  acid,  by  the  process  already  described.  To 
the  solution  of  super-phosphate  of  lime,  carbonate  of  am- 
monia is  added,  the  ammonia  of  which  combines  with  the 
phosphoric  acid,  forming  phosphate  of  ammonia,  which  re- 
mains in  solution,  while  the  carbonate  of  lime,  formed  by  the 
union  of  the  carbonic  acid  with  the  lime,  is  precipitated  : 
the  phosphate  of  ammonia  is  procured  solid  by  evapora- 
tion, and  being  exposed  to  a full  red  heat,  the  ammonia  is 
expelled,  and  the  acid  is  fused.  It  is  still  liable  to  retain 
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•a  minute  portion  of  lime.  It  is  therefore  best  obtained  in 
a state  of  purity  by  the  oxygenation  of  phosphorus.  This 
is  done  either  by  the  action  of  nitric  acid,  or  simply  by 
exposing  sticks  of  phosphorus  to  the  air,  in  a wide  vessel, 
in  which  the  vapours  of  the  phosphorus  acid,  formed  by 
the  spontaneous  combustion  of  the  phosphorus,  are  con- 
densed. A small  portion  of  nitric  acid  is  added  to  the 
liquid  to  complete  the  oxygenation,  the  water  is  evapo- 
rated, and,  by  raising  the  heat,  the  phosphoric  acid  may 
be  fused.  It  then  forms  a glassy-like  substance,  nearly 
transparent,  which,  from  exposure  to  the  air,  attracts  humi- 
dity, and  forms  a liquid,  dense,  colourless,  and  inodorous. 

Phosphoric  acid  has  a high  degree  of  acidity.  Its  affi- 
nities to  the  alkalis  and  earths  are  strong ; and  it  exceeds 
the  other  acids,  with  the  exception  of  the  fluoric,  in  the 
potver  of  neutralizing  the  alkaline  properties.  It  does  not 
act  with  much  energy  on  the  metals  or  inflammables,  ow- 
ing  to  the  strength  of  affinity  with  which  the  oxygen  is  re- 
tained in  combination  with  its  base ; but  it  combines  with, 
the  metallic  oxides.  Its  salts  are  named  Phosphates.  The 
alkaline  phosphates  are  soluble  and  crystallizable,  and  melt 
into  a glass.  The  earthy  phosphates  arc  in  general  inso- 
luble. 

Phosphate  of  Potash  can  scarcely  be  crystallized,  but 
forms,  by  evaporation  of  its  solution,  a gelatinous  mass, 
which  attracts  humidity  from  the  atmosphere  ; its  taste  is 
saline,  with  a degree  of  sweetishness.  Exposed  to  heat,  it 
liquefies,  and,  after  the  expulsion  of  the  water,  is  fused  by 
the  application  of  a red  heat  into  a glass. 
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Phosphate  of  Soda,  a salt  employed  in  medicine,  and 
for  some  chemical  purposes,  is  prepared,  by  adding  to  the 
acidulous  phosphate  of  lime,  obtained  from  the  decompo- 
sition of  burnt  bones  by  sulphuric  acid,  as  much  of  a so- 
lution of  carbonate  of  soda  as  may  be  sufficient  to  saturate 
the  phosphoric  acid  •,  phosphate  of  lime  is  precipitated,  and 
the  water  bolding  dissolved  the  phosphate  of  soda,  is  se- 
parated by  filtration ; by  evaporation  the  salt  is  crystalli- 
zed, its  formation  in  regular  crystals  being  promoted  by  a 
slight  excess  of  alkali.  The  form  of  the  crystals  is  a rhom- 
boidal  prism.  They  effloresce  on  exposure  to  the  air,  are 
soluble  in  three  parts  of  cold  water,  and  in  half  that  quantity 
of  boiling  water.  The  taste  of  this  salt  being  purely  sa- 
line, without  any  bitterness,  it  has  been  introduced  into  the 
practice  of  medicine  as  a substitute  for  other  aperient  salts. 
As  it  melts  easily,  and  promotes  the  fusion  of  the  earths 
and  metallic  oxides,  it  is  used  as  a flux,  in  analyses  per- 
formed by  the  blow-pipe. 

Phosphate  of  Ammonia  is  soluble  in  four  parts  of  water 
at  the  temperature  of  60  ; it  crystallizes  in  prisms,  which 
are  neither  efflorescent  nor  deliquescent.  By  exposure  to 
heat,  it  is  fused  into  a transparent  glass,  and  decomposed, 
part  of  its  ammonia  being  expelled.  Heated  with  char- 
coal, its  acid  suffers  decomposition,  its  oxygen  being  ab- 
stracted, which  is  not  the  case  with  the  other  phosphates. 
Like  the  phosphate  of  soda,  it  may  be  used  with  advan- 
tage in  analyses  by  the  blow-pipe.  A triple  compound  ol 
phosphoric  acid,  soda  and  ammonia  is  obtained  from  se\e- 
ral  of  the  animal  fluids,  and  was  known  to  the  older  che- 
mists by  the  name  of  Microcosmic  Salt. 
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Phosphate  of  Barytes  is  in  the  form  of  an  insipid 
white  powder,  of  considerable  specific  gravity : it  is  insolu- 
ble in  water  ; is  fusible  at  a high  temperature ; and  is  not 
decomposed  by  exposure  to  heat  mixed  with  carbonaceous 
matter. 

* 

Phosphate  of  Strontites,  when  perfectly  neutral,  is 
very  sparingly  soluble  in  water,  requiring  about  2000  parts 
for  its  solution.  It  melts  into  an  enamel  by  the  flame  of 
the  blow-pipe  ; giving  a phosphorescent  light. 

Phosphate  of  Lime,  formed  by  decomposing  the  so- 
lution of  an  alkaline  phosphate  by  muriate  of  lime,  is  in 
the  state  of  a white  powder,  insoluble,  and  which  is  imper- 
fectly vitrified  by  a very  intense  heat.  It  exists  in  the 
mineral  kingdom  under  different  forms,  and  is  the  base  of 
calcined  bone.  When  partially  decomposed  by  an  acid 
which  exerts  an  affinity  sufficiently  powerful  to  lime,  it  is 
converted  into  a super-phosphate,  which  is  soluble,  and, 
by  evaporation  of  its  solution,  crystallizes  in  silky  fibres 
or  in  brilliant  scales,  which,  by  heat,  are  fused  into  a trans- 
parent glass. 

Phosphate  of  Magnesia,  formed  from  the  direct  com- 
bination of  the  acid  and  the  earth,  crystallizes  in  prisms 
which  are  efflorescent,  soluble  in  about  50  parts  of  cold 
water,  and  in  a smaller  quantity  of  boiling  water,  and 
which  by  heat  melt  into  a glass.  Phosphate  of  Argil 
forms  a white  insipid  powder  : it  melts  before  the  flame 
of  the  blow-pipe  into  a transparent  globule.  Phos- 
phate of  Zircon  is  insoluble.  Phosphate  of  Glucinf, 
is  in  the  form  of  a white  powder,  or  of  a viscous  substance, 
insipid,  and  insoluble  in  water,  but  rendered  soluble  by  an 
excess  of  acid.  It  is  melted  by  heat  into  a transparent  vi- 
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treous  globule.  Phosphate  of  Ittria,  formed  by  com- 
plex affinity,  is  insoluble,  being  thrown  down  in  a gela- 
tinous precipitate. 


Sect.  III. — Of  Phosphorous  Acid. 

This  acid  is  formed  in  the  slow  combustion  of  phospho- 
rus in  atmospheric  air.  It  constitutes  the  white  vapour 
which  arises  from  the  surface  of  the  phosphorus,  and  which 
attracts  water  from  the  atmosphere,  so  as  to  be  condensed, 
and  forms  a dense  liquor,  which  has  a smell  slightly  fetid, 
and  a taste  extremely  sour.  When  exposed  to  heat,  part 
of  the  water  is  volatilized ; and  as  this  proceeds,  a vapour 
is  formed,  which,  disengaged  at  the  surface,  affords  a 
dense  white  smoke,  attended  even  with  a luminous  ap- 
pearance, visible  in  the  dark,  and,  by  continuing  the  heat 
until  this  ceases,  the  phosphorous  acid  is  deprived  of  its  pe- 
culiar smell,  and  is  converted  into  phosphoric  acid.  From 
this  experiment,  some  chemists  have  been  disposed  to  con- 
sider phosphorous  acid  as  merely  phosphoric  acid,  hold- 
ing a portion  of  phosphorus  dissolved,  the  luminous  va- 
pour being  probably  phosphorus  held  in  solution  by  the 
watery  vapour.  By  longer  exposure  to  the  air,  the  acid 
passes  slowly  and  imperfectly  to  the  state  of  phosphoric- 
acid.  The  change  is  effected  more  speedily  by  adding  a 
little  nitric  or  oxy-muriatic  acid. 

Phosphorous  acid  unites  with  the  alkalis  and  earths, 
forming  salts  named  Phosphites.  These,  in  several  ol 
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their  properties,  resemble  the  phosphates.  They  are  dis- 
tinguished from  the  phosphates,  by  appearing  luminous 
when  heated  by  the  blow-pipe,  and  by  affording,  by  distil- 
lation, a small  quantity  of  phosphorus.  They  detonate, 
too,  with  oxy-muriate  of  potash,  and  precipitate  gold  from 
its  solution,  in  a metallic  state.  They  pass  very  slowly  in-  ■ 
to  phosphates  from  exposure  to  the  air.  Those  formed 
from  the  alkalis  are  soluble  and  crystallizable ; those  from 
the  earths  are  insoluble,  but  acquire  solubility  from  an  ex- 
cess of  acid.  They  are  so  unimportant  as  not  to  require 
farther  notice. 


Sect.  IV. — Of'  Phosphuretted  Hydrogen. 

This  compound  of  phosphorus  and  hydrogen  exists  in 
the  elastic  form.  It  is  obtained  by  combining  with  phos- 
phorus a substance  which,  by  a resulting  affinity,  shall 
enable  it  to  decompose  water.  Thus,  if  one  part  of  phos- 
phorus is  heated  with  10  or  12  parts  of  a solution  of  pot- 
ash, the  alkali  exerts  this  operation,  one  portion  of  the 
phosphorus  combines  with  oxygen  from  the  decomposition 
ot  the  water,  and  forms  phosphoric  acid,  with  which  the 
potash  combines;  another  portion  of  the  phosphorus  is 
dissolved  by  the  hydrogen  of  the  decomposed  water,  and 
the  elastic  compound  is  disengaged.  Another  process  is 
to  combine  phosphorus  with  dry  lime,  by  causing  the 
phosphorus  to  pass  in  vapour  over  lime  inclosed  in  a tube, 
which  is  raised  to  a red  heat.  This  phosphuret  of  lime 
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dropt  into  water  instantly  decomposes  it,  and  phosphuret- 
ted  hydrogen  rises  in  the  gaseous  form,  the  lime  favouring 
the  action  of  the  phosphorus  on  the  water,  as  the  potash 
does  in  the  other  process. 

The  distinguishing  property  of  this  gas  is  its  high  in- 
flammability, in  consequence  of  which  it  takes  fire  when- 
ever it  is  presented  to  the  atmospheric  air.  It  cannot, 
with  safety,  be  mixed  with  this  air,  even  in  small  quanti- 
ties ; it  is  therefore  merely  allowed  to  burn  as  it  escapas 
from  the  water  in  which  the  extremity  of  the  retort  con- 
taining the  materials  producing  it  is  immersed.  Pre- 
sented in  single  bubbles  to  oxygen  gas,  its  combustion  is 
still  more  violent,  and  is  accompanied  with  intense  light. 
The  products  of  the  combustion  are  phosphorous  acid  and 
watery  vapour,  and  a singular  appearance  is  presented  by 
these  : the  bubble  of  gas,  as  it  escapes  and  inflames,  expands 
into  a horizontal  ring  of  light  white  vapour,  which  en- 
larges in  diameter  as  it  rises,  until  it  breaks ; this  is  phos- 

o 

phorous  acid  wafted  by  the  watery  vapour,  and  it  owes 
this  form  to  the  eccentric  impulse  of  the  explosion. 

This  gas  is  permanently  clastic ; it  is  sparingly  soluble 
in  water ; its  smell  is  fetid,  very  similar  to  that  ol  putrid 
animal  matter,  though  more  faint.  It  has  no  sensible  aci- 
dity. By  remaining  over  water  it  is  decomposed.  From 
the  products  of  its  combustion,  it  is  obvious  that  it  is  a 
compound  of  phosphorus  and  hydrogen  ; perhaps  with  a 
portion  of  oxygen.  Its  elements  appear,  too,  to  combine 
in  different  proportions ; for  the  gas  disengaged  at  the 
commencement  of  the  process  by  which  it  is  usually  ob- 
tained, is  not  so  highly  inflammable  as  that  which  is  a Iter- 
wards  formed. 
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Sect.  V. — Of  Pkosphuretted  Sulphur. 

Sulphur  and  phosphorus  combine  by  the  application 
of  heat,  the  mixture  of  them  being  usually  heated  under 
water  to  avoid  the  combustion  of  the  phosphorus,  and 
even  the  experiment  in  this  way  requires  to  be  conducted 
with  caution.  The  compound  is  more  fusible  than  the 
phosphorus  alone ; its  fusibility  is  greatest  when  it  is  form- 
ed from  about  equal  parts,  the  mass  remaining  liquid  at 
temperatures  above  60° ; in  other  proportions  it  is  solid 
but  soft.  In  its  formation  a portion  of  water  appears  to 
be  decomposed  ; and  when  the  heat  is  raised  a little  high, 
phosphuretted  hydrogen  is  disengaged,  and  sometimes  so 
rapidly  as  to  produce  an  explosion.  A portion  of  oxygen 
therefore  probably  exists  in  the  composition  of  the  com- 
pound. Dr  Briggs  has  given  a process  in  which  the  sul- 
phur and  phosphorus  are  combined  in  the  dry  way : heat 
being  applied  to  them  in  a tube  firmly  corked  by  plunging 
it  in  warm  water,  and  raising  the  heat  gradually  until  the 
water  boil- 

Dr  Briggs  has  observed,  that  this  compound  is  different 
from  that  formed  under  water.  When  a small  proportion 
of  sulphur  has  been  used,  it  is  solid  when  cold,  and  has  a 
crystallized  appearance ; the  other  is  spongy  and  friable. 
The  former  is  less  inflammable  than  the  latter,  but  is  ren- 
dered equally  inflammable  by  kindling  it  in  the  tube  with 
a hot  wire,  and  allowing  it  to  burn  for  a few  seconds,  oxy- 
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gen  probably  being  communicated  to  it  from  the  air, 
or  from  the  water  formed  by  the  combustion.  Both 
are  more  inflammable  than  phosphorus,  and  hence  these 
compounds  are  employed  in  forming  the  phosphoric  match 
bottles  ; a very  small  proportion,  however,  of  sulphur  being 
added  to  the  phosphorus,  as  with  too  large  a quantity  the 
compound  is  soft. 


CHAP.  V. 

OF  BOEACIC  ACID,  ITS  BASE  AND  COMBINATIONS. 

The  salt  named  Borax  has  long  been  known  in  com- 
merce, and  applied  to  some  uses  in  the  arts.  It  is  a native 
production  brought  from  Thibet  in  an  unrefined  state. 
It  consists  of  soda  combined  with  a peculiar  acid,  which 
has  derived  from  it  the  name  of  Boracic  Acid.  The 
acid  is  procured  cither  by  dissolving  the  borax  in  warm 
water,  and  adding  sulphuric  acid,  which  combines  with  the 
soda,  and  the  solution  on  cooling  deposites  the  acid  in  soft 
scales,  which  are  freed  from  any  adhering  sulphuric  acid  or 
sulphate  of  soda  by  a second  crystallization  •,  or  adding  to 
sulphuric  acid,  diluted  with  an  equal  weight  of  water,  two 
parts  of  borax  in  powder,  and  applying  a moderate  heat  j 
the  sulphuric  acid  combines  with  the  soda,  the  boracic 
acid  is  volatilized  by  its  affinity  to  the  watery  vapour,  and 
condenses  in  scales  in  the  neck  of  the  retort. 


OF  BORACIC  ACID.  493 

Boracic  acid  has  been  decomposed,  at  least  partially,  by 
the  application  of  galvanism,  and  by  the  action  of  potas- 
sium. When  it  is  submitted  to  the  action  of  a powerful 
galvanic  batteiy,  a dark  coloured  inflammable  substance, 
Mr  Davy  found,  is  produced  at  the  negative  surface, 
which,  when  heated,  burns  slowly  and  reproduces  acid 
matter.  When  the  bdracic  acid  was  heated  with  an  equal 
weight  of  potassium,  vivid  combustion  was  produced,  and 
a substance  obtained  in  the  form  of  an  olive  coloured  glass, 
which,  when  dissolved  in  water,  deposited  an  olive  colour- 
ed powder.  This  substance,  exposed  to  heat,  is  neither 
fused  nor  volatilized,  nor  does  it  undergo  much  change  ex- 
cept being  rendered  more  dense.  When  heated  under  ex- 
posure to  the  atmosphere,  it  takes  fire  and  burns  with  a 
red  light ; in  oxygen  gas  it  burns  more  vividly.  In  both 
cases  boracic  acid  is  formed.  It  is  also  oxygenated  by  ni- 
tric, sulphuric,  and  oxy-muriatic  acids,  and  boracic  acid  is 
pioduced.  It  is  not  dissolved  by  hydrogen  nor  nitrogen  : 
it  combines  with  sulphur ; and  forms  soluble  compounds 
with  the  fixed  alkalis.  This  substance,  Mr  Davy  regards 
as  standing  in  the  same  relation  to  boracic  acid, & that 
sulphur  or  phosphorus  does  to  sulphuric  or  phos- 
phoric acid,  though  it  is  probably  not  the  simple  base. 
In  combining  with  potassium  it  forms  a compound  ha- 
ving .1  degree  ol  metallic  lustre,  in  which  probably  the  pure 
base  is  contained.  To  this  base  Mr  Davy  assigns  the 
name  ol  Boracium ; it  may  be  metallic,  and  the  olive 
coloured  substance  is  perhaps  an  oxide.  Gay  Lussac  and 
Thenard  discovered  the  same  inflammable  matter,  andob- 
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served  the  different  states  of  oxidation  through  which  it 
passes  before  it  forms  the  acid. 

Boracic  acid  is  in  the  form  of  white  brilliant  scales,  soft 
to  the  touch  •,  its  taste  is  bitterish,  with  a slight  degree  of 
sourness ; it  reddens  the  vegetable  colours.  It  is  not  al- 
tered by  exposure  to  the  air  % is  soluble  in  20  parts  of  cold 
water,  and  in  5 of  boiling  water.  It  is  also  soluble  in  al- 
kohol, and,  what  is  a distinctive  character  of  it,  gives  to 
the  flame  of  alkohol  in  burning  a green  colour. 

Exposed  to  a moderate  heat  it  swells  •,  when  the  heat  is 
raised  to  redness,  it  is  fused  into  a glass,  which  is  soluble 
ao-ain  in  water.  By  the  most  intense  heat  it  is  not  volati- 
lized ; but  if  water  be  present,  tlie  aqueous  vapour  elevates 

with  it  a portion  of  the  acid. 

Boracic  acid  combines  with  the  alkalis  and  seveial  of 
the  earths,  forming  compounds  named  Borates.  Ihese 
retain  the  property  of  communicating  a green  colour  to  the 
flame  of  alkohol.  They  are  decomposed  by  all  the  acids, 
the  carbonic  excepted,  in  the  humid  way  ; but  in  the  dry 
way,  the  boracic  acid,  from  its  great  fixity,  is  able  at  a 
high  temperature  to  decompose  those  salts,  the  acid  of 
which  has  a tendency  to  assume  the  gaseous  form.  The 
alkaline  borates  are  very  soluble  in  water,  while  the  earthy 

arc  the  reverse. 

Bohate  of  Potash,  like  the  other  borates,  has  a ten- 
dency to  form  with  an  excess  of  alkali ; it  is  soluble  in  wa- 
ter •,  by  slow  evaporation  its  solution  affords  prismatic  cry- 
stals, which  arc  not  changed  by  exposure  to  the  air.  It  is 
fused  into  a glass  by  heat. 

Borate  of  Soda,  the  Borax  ol  Commerce,  a native 
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production,  being  obtained  from  a lake  in  Thibet,  from 
the  sides  of  which  it  is  dug  up,  and  where  there  appears 
to  be  a constant  reproduction  of  it.  In  the  state  in  which 
it  is  imported,  it  is  impure,  but  is  purified  by  calcination, 
solution  and  crystallization.  In  the  state  in  which  it  is 
met  with  in  the  shops,  it  is  in  the  form  of  crystalline  masses, 
of  a figure  irregular,  but  approaching  to  an  hexaedral 
prism.  It  is  not  perfectly  neutral,  but  contains  an  excess  of 
soda,  which  seems  necessary  to  cause  it  to  crystallize,  the 
solution  of  the  neutral  salt  forming  by  evaporation  a gelati- 
nous mass  : it  is  soluble  in  12  parts  of  cold,  and  in  6 parts 
of  boiling  water ; it  is  very  slightly  efflorescent,  when  ex- 
posed to  a moderate  heat,  it  melts  from  the  water  of  cry- 
stallization it  contains  j when  this  is  evaporated,  there  re- 
mains a spongy  white  mass,  named  Calcined  Borax.  If 
the  heat  be  raised  to  ignition,  this  is  melted  into  a pellu- 
cid glass  which  suffers  no  decomposition.  It  is  decompo- 
sed by  the  greater  number  of  the  acids  and  by  potash  and 
the  earths,  the  former  uniting  with  its  alkali,  the  latter 
• with  its  acid.  From  the  facility  with  which  it  melts  and 
brings  other  substances  into  fusion,  it  is  of  use  in  some 
arts,  as  in  making  of  glass,  especially  the  finer  glass  for 
mutating  the  gems,  in  assaying  minerals  by  the  blowpipe, 
and  in  soldering  the  more  valuable  metals. 

Borate  of  Ammonia,  though  little  known,  has  been 
described  as  being  obtained  by  evaporation  of  its  solution 
in  prismatic  crystals,  of  a sharp  taste,  and  which  change 
the  vegetable  colours  to  a green,  evidently,  therefore, 
containing  an  excess  of  alkali. 
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Borate  of  Barytes.— This  compound,  formed  by 
adding  boracic  acid  to  barytic  water,  is  precipitated  in  the 
form  of  a white  powder,  insipid,  and  insoluble.— Borate 
of  Strontites  forms  a similar  precipitate,  which  ap- 
pears, however,  to  have  an  excess  of  base,  and  which  dis- 
solves in  ISO  parts  of  boiling  water. — Borate  of  Lime 
is  precipitated  in  the  state  of  an  insoluble  powder,  white 
and  insipid.— Borate  of  Magnesia  is  obtained  by  eva- 
poration, in  a crystalline  mass,  of  no  regular  form.  With 
the  addition  of  lime,  it  forms  a mineral  substance,  known 
by  the  name  of  Boracite.  It  occurs  crystallized,  in  cubes, 
which  are  so  hard  as  to  scratch  glass ; semi-transparent ; 
of  a white  colour,  with  a shining  lustre.— Borate  of 
Argil  is  obtained  by  evaporation  of  its  solution,  in  the 
form  of  a viscid  substance,  through  which  minute  crystals 
are  interspersed,  having  a very  astringent  taste. 

Boracic  acid  acts  very  feebly  on  the  metals,  but  may  be 
combined  with  their  oxides  by  a complex  affinity. 


ciiap.  vi. 

4 

OF  FLUORIC  ACID,  ITS  BASE  AND  COMBINATIONS. 

This  acid  exists  in  the  mineral  known  by  the  name  oi 
Fluor  Spar,  in  which  it  is  combined  with  lime,  and  from 
which  it  was  obtained  by  Schecle,  who  made  known  its 
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principal  properties.  It  has  since  been  discovered  in  a 
lew  other  minerals  ; and  the  discovery,  rather  unexpected, 
has  more  recently  been  made,  that  it  exists  in  the  animal 
kingdom,  particularly  in  the  enamel  of  the  teeth,  and  in 
the  fossil  or  petrified  teeth  of  the  elephant. 


It  was  ranked  as  one  of  the  undecomposed  acids,  its 
base  being  altogether  unknown.  By  the  action  of  potas- 
sium, however,  on  it,  phenomena  have  been  produced,  in- 
dicating its  decomposition. 

When  potassium  is  heated  in  fluoric  acid  gas,  Mr  Da- 
vy found  that  it  burns  ; a great  portion  of  the  gas  disap- 
pears j and  if  a sufficient  quantity  of  potassium  has  been 
employed,  the  residual  gas  is  hydrogen,  and  the  quantity 
of  it  is  less  as  the  acid  gas  has  been  more  free  from  wa- 
ter. A substance  of  a chocolate  colour  is  formed.  This 
burns  when  heated  in  atmospheric  air,  or  in  oxygen  ; oxy- 
gen is  absorbed,  and  acid  matter  formed.  It  may  be 
concluded,  therefore,  that  it  contains  the  base  of  the  flu- 
oric acid  ; but  it  is  probably  not  this  base  iu  a pure 
state,  but  in  a state  of  oxidation  combined  with  potassium. 
Experiments  with  results  nearly  similar  were  performed 
by  Gay  Eussac  and  Thenard. 

"O  ohtain  /Iu°Ec  acid,  fluor  spar  in  coarse  powder  is 
submitted  to  the  action  of  twice  its  weight  of  sulphuric 
ncid.  rI  he  operation  must  be  performed  in  a leaden  re- 
tort, from  a singular  property  of  this  acid,  that  it  dissolves 
siliceous  earth,  and  hence  acts  on  glass.  The  sulphuric 
acid  combines  with  the  lime  of  the  fluor  spar,  and  the 
fluoric  acid  assumes  the  gaseous  form.  The  gas  may  be 
collected  over  mercury,  as  it  is  absorbed  by  water;  or  if  it 
' OL.  I.  "i  j 
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is  to  be  condensed,  the  retort  is  connected  with  a leaden 
receiver,  containing  a sufficient  quantity  of  water.  Yet 
it  is  difficult  to  obtain  it  pure  •,  it  is  liable  to  have  a slight 
contamination  of  lead,  and  a portion  of  silex  often  adheres 
to  it,  derived  from  the  fluor  spar.  From  this  it  may  be 
freed,  by  saturating  it  with  an  alkali,  and  decomposing 
this  compound  by  an  acid. 

Fluoric  acid  gas  is  permanently  elastic,  and  heavier 
than  atmospheric  air  -,  it  has  a pungent  suffocating  odour, 
is  corrosive,  and  highly  acid.  It  has  a strong  attraction 
for  water,  so  that  when  presented  to  the  atmosphere, 
white  vapours  are  immediately  formed  from  its  attracting 
the  watery  vapour  > and  when  dry,  it  takes  water,  as  Gay 
Lussac  and  Thenard  have  remarked,  from  almost  every 
other  gas.  When  transparent,  however,  it  does  not  ap- 
pear to  retain  much  combined  with  it.  It  is  largely  ab- 
sorbed by  water,  and  the  liquid  when  saturated  is  highly, 
acid  and  caustic  * it  emits  white  vapours,  but  the  whole  oi 
the  acid  gas  cannot  be  expelled  from  it.  Either  m the 
gaseous  or  liquid  state,  it  does  not  act  very  powerfully  on 

the  metals  or  inflammables. 

It  combines  with  the  alkalis  and  eaiths,  foimin_, 
named  Fluates.  They  are  generally  deliquescent,  and  not 
easily  crystallized:  the  fluoric  acid,  in  power  of  neutraliz- 
ing the  alkaline  properties,  exceeds  the  other  acids  : hence, 
if  this  be  admitted  as  the  test  of  the  strength  of  acidity, 
it  is  the  most  powerful  of  the  acids,  and  its  apparently  less 
energetic  action  is  to  be  ascribed  to  its  not  being  o tamcc 
liquid  in  a sufficient  state  of  concentration. 

Flu-ate  or  Potash  is  very  soluble  in  water,  and  its  so- 
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iution  evaporated  does  not  crystallize,  but  becomes  gelati- 
nous, or  forms  a foliated  mass,  which,  when  urged  by 
beat,  is  melted  and  decomposed — Fluate  of  Soda  has 
scarcely  so  much  affinity  to  water;  it  affords,  when  evapo- 
rated to  the  consistence  •of  honey,  small  oblong  crystals— 
Fluate  of  Ammonia,  when  in  solution,  becomes  gelati- 
nous on  evaporation,  and  in  this  jelly  crystals  form  which 
are  dehqucsent,  melt  on  exposure  to  heat,  and  are 
•sublimed  with  partial  decomposition— Fluate  of  Bary- 
tes being  considerably  more  soluble  than  fluate  of  lime, 
this  acid  has  been  employed  as  a test  to  discriminate  be- 
tween these  two  earths— Fluate  of  Strontites  being 
of  sparing  solubility,  is  precipitated  when  it  is  formed— 
Fluate  of  Lime,  in  its  native  state,  forms  the  Fluor  Spar, 
Which  is  often  regularly  crystallized.  Obtained  by  digest- 
ing liquid  fluoric  acid  on  lime,  it  is  in  a very  different 

state:  the  solution,  even  when  evaporated  to  a jelly,  does 

not  afford  crystals.  It  is  insipid,  and  insoluble  in  water 
It  is  phosphorescent  from  heat,  a property  which  be- 

, f ° '°  'h°  ”ativc  » fused,  by  „ violent 

“ “ ?n'SparCM  S1”*®— Fluate  or  Maghesu, 

0btamwi  “ S0,uti0,1>  % fluoric  acid  on  mag. 

-,a  » gelatinous.  Fluate  or  Anotn  docs  cry J. 

. , ’ hutassutn<*  evaporation  the  consistence  of  a jelly- 
its  taste  is  astringent.  J ^ 5 

Tit  ATE  OF  Si  i.  EX  is  a compound  so  singular  as  to  rc 

<1'"7  m0te  <';StmCt  ”olicc>  lWs  being  scarcely  acted 
on  by  any  other  acid  in  the  humid  way.  It  coml):  ' 

with  the  fluoric  acid,  cither  when  the  acid  in  if 

S»<e,  or  comtmed  with  water,  is  brought  to  act  on  it,  or 

I i 2 
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01!  almost  any  compound  containing  it.  Thus,  when  th<* 
add  is  disengaged  from  fluate  of  lime,  if  the  experiment 
be  made  in  a glass-vessel,  part  of  the  silex  of  the  glass  is 
dissolved ; or  if  a little  flint  in  powder  has  been  mixed 
with  the  materials,  the  fluoric  acid  gas  holds  dissolved  a 
large  portion  of  silex.  It  retains  it  in  solution,  when  re- 
ceived over  quicksilver ; but  when  presented  to  water,  a 
considerable  portion  is  separated,  and  forms  a gelatinous 
matter,  retaining  a little  acid ; and  the  acid,  absorbed  by 
the  water,  has  a portion  of  the  earth  combined  with  it. 
If  the  liquid  fluoric  acid  be  kept  in  a glass-vessel,  it  acts 
slowly  upon  it;  or  if  digested  with  quartz  or  flint  in  pow- 
der it  becomes  impregnated  with  silex,  and  after  a length 
of  time  crystals  are  deposited,  which  are  affirmed  to  be 
fluate  of  silex.  From  the  strong  affinity  of  this  acid  to  si- 
lex, it  retains  a portion  of  it  in  combination  with  other 
salifiable  bases,  forming  ternary  compounds ; or  if  previ- 
ously combined  with  these  bases,  it  still  acts  on  and 
dissolves  a portion  of  siliceous  earth.  The  acid  from  this 
power  is  employed  to  engrave  on  glass,  being  applied 
either  in  the  gaseous  or  liquid  form. 
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OF  MURIATIC  ACID,  OXY-MURIATIC  ACID,  AND  THEIR 
COMBINATIONS. 

From  Sea  Salt,  an  acid  is  procured  by  distillation  with 
sulphuric  acid,  formerly  known  to  chemists  by  the  name 
of  Spirit  of  Salt,  now  named  Muriatic  Acid'.  It  exists  as 
a permanent  gas,  but  is  condensed  by  water  in  very  large 
quantity,  and  forms  a liquid  acid  of  considerable  strength. 

This  acid  resists  the  usual  methods  of  chemical  analy- 
sis, and  its  composition,  therefore,  was  altogether  un- 
known. Girtanner  had  supposed  hydrogen  to  be  its  base, 
from  finding  that  this  element  is  evolved  when  it  is  sub- 
mitted to  the  action  of  oxidifiable  bodies  : and  on  similar 
grounds  Berthollet  supposed  it  to  have  a compound  base 
of  hydrogen  and  nitrogen,— conjectures  not  supported  on 
any  decisive  evidence,  as  any  relation  which  it  apparently 
had  to  hydrogen  might  be  accounted  for  from  the  portion 
of  water  combined  with  it. 

lately , some  singular  facts  have  been  established 
with  regai  d to  the  influence  of  water  in  combination  with 
muriatic  acid,  and  these  have  even  suggested  to  Mr 
Ravy  a very  different  view  of  the  constitution  of  this 
acd.  On  obtaining  the  acid  gas  as  dry  as  possible,  and 
‘eating  potassium  in  it,  there  is  a violent  chemical  action 


502 


OF  MURIATIC  ACID,  &C. 


with  ignition ; the  acid  gas  wholly  disappears  ; more  than 
one-third  of  its  volume  of  hydrogen  gas  is  evolved*,  and  on 
the  supposition  that  this  is  derived  from  water  contained 
in  the  muriatic  acid  gas,  there  is  reason  to  infer,  that  the 
acid  in  its  common  aeriform  state  must  contain  one-third 
of  its  weight  of  water.  Mr  Davy  farther  found,  that  mu- 
riatic acid  could  not  be  disengaged  from  its  dry  combina- 
tions by  other  concrete  acids,  from  muriate  of  lime,  for 
example,  by  dry  phosphoric  or  boracic  acid,  by  the  appli- 
cation of  heat ; but  if  water  were  added,  it  is  extricated  m 
large  quantity,— an  experiment  which  apparently  proves 
the  necessity  of  water  to  the  constitution  of  muriatic  acid 
gas.  Similar  results  had  been  obtained  by  Gay  Lussac 
and  Thenard.  It  had  also  been  known,  that  when  muri- 
atic acid  is  subjected  to  the  action  of  the  electric  spark, 
hydrogen  is  evolved,  and  this,  even  when  the  gas  had 
been  previously  rendered  as  dry  as  possible,  by  .being  ex- 
posed to  substances  which  have  a strong  affinity  to  water. 

All  these  facts  may  be  explained  on  the  hypothesis  that 
muriatic  acid  contains  water  in  a state  of  intimate  combi- 
nation ; but  Mr  Davy  has,  from  other  speculations,  been 
led  lately  to  give  a different  theory  of  them.  In  submit- 
ting muriatic  acid  to  the  action  of  substances  which  afford 
oxygen  easily,  it  is  converted  into  a substance  which,  be- 
ing supposed  to  be  a compound  of  muriatic  acid  and  oxy- 
gen, has  been  named  Oxy-muriatic  Acid.  This  conclu- 
sion Mr  Davy  has  called  in  question  : oxy-muriatic  acid  lie 
regards  as  a simple  body,  and  muriatic  acid  as  a com- 
pound of  it  with  hydrogen.  The  grounds  on  winch  this 
last  conclusion  rests,  being  connected  with  the  theory  o 
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the  constitution  of  oxy-muriatic  acid,  will  be  best  stated 
under  its  history. 

Muriatic  Acid  is  always  obtained  from  sea-salt  de- 
composed by  sulphuric  acid,  one  part  of  the  acid  being 
added  to  two  parts  of  the  salt.  The  sulphuric  acid  com- 
bines with  the  soda,  which  is  the  base  of  the  salt  •,  and  the 
muriatic  acid,  which  is  the  other  ingredient,  is  disengag- 
ed, and  assumes  the  elastic  form.  The  gas  may  be  received 
over  quicksilver,  as  it  is  largely  and  rapidly  absorbed  by 
water ; or  if  it  is  to  be  procured  in  the  liquid  form,  the 
retort  containing  the  materials  is  connected  with  the  bottles 
of  Woolfe’s  apparatus,  in  which  water  is  placed,  by  which 
its  condensation  is  effected,  a moderate  heat  being  applied, 
by  the  medium  of  a sand-bath,  as  long  as  any  acid  is  pro- 
duced. When  the  process  is  carried  on  on  the  large  scale, 
the  distillation  is  facilitated  by  diluting  the  sulphuric  acid 
with  a portion  of  water. 

Muriatic  acid  gas,  when  free  from  watery  vapour,  is 
transparent  and  invisible  ; it  is  pungent  and  suffocating; 
its  specific  gravity  is,  to  that  of  atmospheric  air,  as  1929 
to  1000.  It  extinguishes  combustion,  and  does  not  burn. 
By  water  it  is  instantly  condensed  in  very  large  quantity, 
the  water  absorbing  not  less  than  360  times  its  volume  of 
the  gas,  by  which  its  weight  is  doubled  ; and  this  absorp- 
tion is  attended  with  a rise  of  temperature.  Ice  melts  in 
it,  condenses  it,  and  produces  cold. 

In  the  liquid  muriatic  acid  obtained  by  the  usual  pro- 
cess ol  distillation,  the  water  is  not  completely  saturated 
with  the  gas;  its  specific  gravity  seldom  exceeds  1.170, 
and  the  strongest  that  can  be  easily  procured  is  that  of 
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1.196:  when  of  this  strength,  it  contains,  according  to 
Kirwan’s  estimate,  25  of  real  acid.  In  its  common  state 
it  has  a yellow  tinge,  but  this  arises  from  impurity  •,  and 
by  distilling  it  from  a little  muriate  of  soda,  it  is  obtained 
colourless.  It  emits  white  vapours,  having  a pungent 
smell,  and,  even  when  largely  diluted,  has  a very  sour 
taste,  and  reddens  the  vegetable  colours.  As  it  does  not 
directly  communicate  oxygen,  it  does  not  act  with  much 
energy  on  inflammable  substances ; and  it  dissolves  metals 
only  by  enabling  them,  by  the  resulting  affinity  it  exerts,  to 
decompose  water  and  attract  its  oxygen ; hence  these  so- 
lutions are  attended  with  a disengagement  of  hydrogen 
gas.  It  combines  with  all  the  metallic  oxides;  it  also 
unites  easily  with  the  alkalis  and  earths.  Its  salts  are 
named  Muriates ; the  alkaline  and  earthy  muriates  are  so- 
luble and  crystallizable,  and  have  in  general  that  taste 

more  peculiarly  denominated  saline. 

Muriate  of  Potash  has  a taste  saline  and  slightly  bit- 
ter ; it  is  soluble  in  three  parts  of  cold,  and  in  half  its 
weight  of  boiling  water,  the  latter  solution  crystallizing  on 
cooling ; its  crystals  have  a cubic  form,  but  are  not  regu- 
lar : they  arc  slightly  deliquescent,  and  they  decrepitate 
when  heated.  This  salt,  obtained  by  some  indirect  che- 
mical processes,  is  used  in  the  manufacture  of  alum,  and 
ns  a flux  in  melting  some  of  the  metals. 

Muriate  of  Soda  is  the  salt  which  exists  in  largest 
quantity  in  nature.  It  is  the  principal  saline  ingredient  oi 
the  ocean,  forming,  when  it  is  extracted,  what .»  named 
.Sea  Salt,  and  it  exists  in  immense  beds  in  the  earth  form- 
ing Kock  Salt.  In  the  latter,  it  is  generally  pure,  or  has 
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only  a slight  contamination.  In  the  former  it  is  less  pure, 
a portion  of  other  salts  adhering  to  it,  greater  or  less  ac- 
cording to  the  method  in  which  it  is  procured.  In  warm 
climates  it  is  frequently  obtained  by  spontaneous  evapora- 
tion, the  sea- water  being  admitted  into  shallow  trenches 
by  the  sea-side,  and  spread  over  an  extensive  surface : as  it 
becomes  concentrated  by  the  evaporation  of  the  water,  the 
liquor  is  removed,  by  sluices,  from  one  trench  to  another, 
until  at  length  the  muriate  ot  soda  crystallizes  spontane- 
ously, and  with  scarcely  any  intermixture  of  the  other  salts. 
In  colder  climates,  the  sea-water  is  evaporated  in  large 
boilers  by  the  direct  application  of  the  heat,  and  the  eva- 
poration is  carried  so  far,  that  the  muriate  of  soda  con- 
cretes in  small  crystals  on  the  surface  of  the  boiling  liquor  : 
as  obtained  by  this  mode,  a small  portion  of  muriate  and 
sulphate  of  magnesia  adheres  to  it,  which  render  it  slightly 
deliquescent,  and  somewhat  impair  its  antiseptic  power. 
The  processes  of  spontaneous  and  hasty  evaporation  are 
sometimes  conjoined,  and  a salt  of  intermediate  purity  is 
obtained. 

Muriate  of  soda  crystallizes  by  slow  evaporation  in 
cubes ; it  has  a saline  taste  with  scarcely  any  bitterness ; 
is  soluble  in  less  than  three  parts  of  cold  water,  and  its  so- 
lubility is  very  little  increased  by  raising  the  temperature 
even  to  212°;  hence  it  crystallizes  from  its  solution,  not 
by  cooling,  but  only  by  slow  evaporation.  Its  crystal* 
neither  deliquesce  nor  effloresce;  they  decrepitate  when 
suddenly  exposed  to  heat,  the  water  of  crystallization 
being  dissipated  in  vapour ; the  salt  melts  at  a rod  heat, 
and  at  a more  intense  heat  is  volatilized  without  decom- 
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position.  It  is  decomposed  by  the  fixed  acids,  which  expel 
the  muriatic  acid,  especially  when  aided  by  heat. 

Muriate  of  soda  is  in  common  use  to  counteract  the 
process  of  putrefaction  in  animal  matter,  and  the  theory 
of  its  antiseptic  operation  is  not  well  understood : it  is  ta- 
ken universally  as  a condiment  to  food,  and  it  is  employed 
in  a number  of  chemical  arts.  The  decomposition  ol  it,  so 
as  to  obtain  its  alkaline  base,  is  a process  of  much  import- 
ance, as  afFording  a source  whence  soda  can  be  abundant- 
ly procured.  It  has  been  attempted  on  the  large  scale  by 
the  intermedium  of  oxide  of  lead,  of  carbonate  ol  potash, 
of  lime  and  iron,  of  sulphuric  acid,  and  the  sulphate  of 
soda  being  afterwards  decomposed  by  the  joint  action  of 
iron,  lime,  and  charcoal;  some  of  these  processes  are,  from 
local  circumstances,  frequently  carried  on  with  advantage. 

Muriate  of  Ammonia. — This  is  the  sal-ammoniac  of 
commerce,  an  important  salt  from  the  uses  to  which  it  is, 
applied,  and  which  is  generally  prepared  on  a large  scale. 
The  processes  are  various,  but  in  general  a sulphate  of 
ammonia  is  procured  by  maceration  from  soot,  or  by  sa- 
turating the  impure  ammonia  obtained  in  the  distillation 
of  animal  substances  by  adding  sulphuric  acid;  it  is  de- 
composed by  muriate  of  soda,  and  the  muriate  ol  ammo- 
nia, formed  by  the  operation  of  a double  affinity,  is  subli- 
med. It  is  thus  obtained  in  large  semi-spherical  cakes 
of  a crystalline  structure.  By  solution  in  boiling  water 
and  cooling  it  may  be  crystallized,  its  crystals  being  four- 
sided prisms.  It  is  soluble  in  3^-  parts  of  water  at  60  , 
and  in  its  own  weight  of  boiling  water.  It  is  volatili- 
zed by  heat.  It  is  used  in  soldering  the  metals,  and  in 
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some  of  the  processes  of  dyeing ; and  it  is  from  this  salt 
that  ammonia  is  usually  procured. 

Muriate  of  Barytes  is  soluble  in  three  part§.of  cold  wa- 
ter, and  in  a smaller  quantity  of  hot  water ; it  Crystallizes 
horn  the  latter  solution  on  cooling  iu  quadrangular  itgbl^s. 
It  is  also  soluble  in  alkohol. — Muriate  of  Strontites^so 
soluble  as  to  require  not  more  than  its  weight  of  water  at 
603  to  dissolve  it : in  boiling  water  it  is  still  more  soluble, 
and  it  crystallizes  from  this  solution  on  cooling  in  slender 
six-sided  prisms : its  crystals  are  deliquescent. — Muriate 
of  Lime  is  also  extremely  soluble,  and,  from  its  strong  af- 
finity to  water,  imbibes  it  rapidly.  By  cooling  its  satura- 
ted solution,  it  may  be  obtained  crystallized  in  six-sided 
prisms ; these  crystals  are  so  deliquescent  that  they  are 
not  easily  obtained  dry,  they  liquefy  on  exposure  to  the 
air,  and  they  combine  rapidly  with  ice  or  snow,  causing  it  to 
melt,  and  thus  producing  intense  cold. — Muriate  of  Mao-- 
nesia  has  such  an  affinity  to  water  that  it  can  be  obtained 
in  acicular  crystals  only  by  exposing  its  concentrated  solu- 
tion to  sudden  cold : these  crystals  are  very  deliques- 
cent, and  dissolve  in  less  than  their  weight  of  water : the 
taste  of  this  salt  is  extremely  bitter. — Muriate  of  Argil 
can  scarcely  be  crystallized,  its  solution  becoming  gelati- 
nous on  evaporation  ; it  has  the  astringency  of  the  other 
argillaceous  salts.  Muriate  of  .Glucine  is  soluble  in  water, 

and,  b)  evaporation,  can  be  obtained  in  small  crystals 

Muriate  of  Zircon  is  also  soluble,  and  affords,  by  evapo- 
ration o<  its  solution,  transparent  needle-like  crystals. 

Muriate  of  Ittria  assumes  a gelatinous  form.  On  Silex 
muriatic  acid  appears  to  exert  some  action,  as,  when  this 
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earth  is  newly  precipitated,  it  is  sensibly  dissolved  by  the 
addition  of  the  acid. 


A compound  acid  is  formed  by  the  mixture  of  muriatic 
acid  and  nitric  acid,  which  has  some  peculiar  properties, 
and  which  in  particular  dissolves  gold  with  facility, — a 
property  from  which  it  received  from  the  alchemists  the 
name  of  Aqua  Regia.  It  is  obtained  by  mixing  one  part 
of  muriatic  with  two  parts  of  nitric  acid ; during  their 
combination  the  formation  of  oxy-muriatic  acid  is  indicated 
by  its  odour,  nitric  oxide  gas  is  disengaged,  and  a portion 
of  it  is  also  retained  in  the  liquid,  giving  it  a dark  orange 
colour.  It  has  been  concluded,  therefore,  that  in  the  mu- 
tual action  of  these  acids,  part  of  the  nitric  acid  is  decom- 
posed, its  oxygen  is  transferred  to  the  muriatic  acid,  and 
to  the  oxy-muriatic  acid  thus  formed  the  peculiar  powers  oi 
the  compound  have  been  ascribed.  It  appears,  however,  to 
be  chiefly  a compound  of  nitric  and  muriatic  acids,  and 
its  energetic  action  on  the  metals  appears  to  be  owing  to 
the  latter  acid  by  a disposing  or  resulting  affinity  promo- 
ting the  decomposition  of  the  former,  favouring  therefore 
the  communication  from  it  of  oxygen  to  the  metal,  with 
which  in  its  oxidated  state  it  then  combines.  It  is  named 
Nitro-muriatic  Acid,  and  is  employed  in  some  of  the  pro- 
cesses of  assaying. 
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Sect.  II. — Of  Oxy-muriatic  Acid. 

Scheele  discovered,  that  in  the  action  of  muriatic  acid 
on  black  oxide  of  manganese,  the  acid  sustains  very  im- 
portant changes  in  its  properties.  A gas  is  disengaged  of 
a green  i. si i yellow  colour,  having  an  intolerable  suffocating 
odour,  not  so  easily  condensed  by  water  as  muriatic  acid 
gas,  having  much  less  acid  power,  and  peculiarly  distin- 
guished by  the  property  of  destroying  the  vegetable  co- 
lours. According  to  the  views  of  chemical  theory  then 
adopted , he  concluded,  that  this  change  is  produced  in 
muriatic  acid  by  pldogiston  being  attracted  from  it  by  the 
black  oxide  of  manganese.  He  therefore  named  it  De- 
phlogisticated  Muriatic  Acid. 

This  theory,  expressed  according  to  the  language  of  the 
more  modern  chemical  system,  implied  merely,  that  the 
muriatic  acid  received  oxygen.  The  new  product,  there- 
fore, was  named  Oxy-muriatic  Acid,  and  this  view  of  its 
constitution  appeared  to  be  confirmed  by  other  facts. 
The  oxide  of  manganese,  on  which  it  had  acted,  was 
found  to  be  deprived  of  much  of  its  oxvgen : when  the 
acid  was  submitted  to  the  action  of  substances  having  an 
attraction  to  oxygen,  as, for  example,  to  the  metals,  these 
were  found  to  be  oxidated,  while  muriatic  acid  was  at  the 
same  time  reproduced  : by  the  simple  experiment  even  of 
exposing  the  solution  of  the  oxy-muriatic  acid  in  water  to 
the  rays  of  the  sun,  very  pure  oxygen  gas  was  found  to  be 
produced,  accompanied  with  the  transition  to  muriatic 
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acid ; or,  lastly,  if  the  oxy-muriatic  acid  were  combined 
with  alkaline  bases,  these  compounds  afforded  a large 
quantity  of  pure  oxygen  when  decomposed  by  heat,  and 
in  this  case  too  muriatic  acid  was  obtained.  All  these 
facts  appeared  to  prove  unequivocally,  that  the  product  of 
the  action  of  muriatic  acid  on  oxide  "of  manganese  is  a 
compound  of  that  acid  with  oxygen,  and,  in  conformity  to 
this,  it  was  farther  found,  that  it  might  be  formed  by  the 
action  of  muriatic  acid  on  other  substances  capable  of 
affording  oxygen. 

Notwithstanding  the  apparent  strictness  of  these  con- 
clusions, they  have  lately  been  called  in  question  by  Mr 
Davy,  and  the  opposite  theory  has  been  advanced,  that 
oxy-muriatic  acid  contains  no  oxygen,  but,  so  far  as  our 
knowledge  of  it  extends,  is  a simple  substance  belonging 
to  the  same  class  with  oxygen,  Or  possessed  like  it  of  the 
property  of  communicating  acidity  to  the  combinations 
into  which  it  enters.  He  was  led  to  doubt  of  the  existence 
of  oxygen  in  oxy-muriatic  acid  gas,  from  finding,  that 
charcoal,  if  free  from  hydrogen,  heated  in  it,  produces  no 
change,  though,  as  this  inflammable  has  so  strong  an  at- 
traction to  oxygen,  it  ought  to  abstract  it  if  it  existed  in 
the  oxy-muriatic  acid,  especially  as  the  oxygen  has  been 
supposed  to  be  retained  in  this  acid  by  a weak  affinity. 
'When  hydrogen  gas  and  oxy-muriatic  acid  gas  are  pre- 
sented to  each  other,  they  are  converted  into  muriatic 
acid  : according  to  the  common  theory,  this  must  be  sup- 
posed to  arise  from  the  combination  of  the  oxygen  of  the 
oxy-muriatic  acid  with  the  hydrogen,  forming  water. 
But  Gay  Lussac  and  Thenard  have  found,  that  no  water 
is  deposited  in  the  experiment.  Mr  Davy  farther  found, 
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that  oxy-murialic  acid  forms  combinations  with  inflam- 
mables and  metals  but  in  these  compounds,  while  water 
was  excluded,  he  could  discover  no  indication  of  the  pre- 
sence of  oxygen.  He  remarks,  therefore,  that  there  is  no 
experimental  evidence  of  the  existence  of  oxygen  in  oxy- 
uiuriatic  acid  -,  and  the  direct  inference  from  the1  produc- 
tion of  muriatic  acid  by  the  mutual  action  of  oxy-muriatic 
acid  and  hydrogen  is,  that  it  is  a compound  formed  by 
their  combination.  On  this  hypothesis  may  be  explained 
all  the  facts  whence  the  common  theory  of  the  constitu- 
tion of  oxy-muriatic  acid  has  been  inferred. 

This  view,  singular  as  at  first  it  appears  to  be,  may  no 
doubt  be  maintained ; yet  the  opposite  theory,  I would 
remark,  may  still  be  defended,  and  the  investigation  of 
this  important  subject  is  not  yet  sufficiently  advanced  to 
admit  of  any  certain  conclusion  being  drawn.  Its  rela- 
tion to  the  general  theory  of  acidity  has  been  already 
considered. 


1 iie  process  employed  by  Schcelc  to  obtain  oxy-muria- 
tic acid,  consists  in  distilling  with  a moderate  heat  muria- 
tic acid  diluted  with  an  equal  weight  of  water  from  black 
oxide  of  manganese.  It  is  more  economical,  and  succeeds 
equally  well  to  mix  with  the  oxide,  muriate  of  soda  and 
sulphuric  acid  ; four  parts  of  muriate  of  soda  being  taken 
with  one  of  black  oxide,  and  three  of  sulphuric  acid  pre- 
viously diluted  with  two  of  water.  Their  mutual  action  is 
favoured  by  a very  gentle  heat.  The  sulphuric  acid  com- 
bines with  the  soda  of  the  muriate  of  soda,  and  disengages 
the  muriatic  acid,  which,  according  to  the  common  theorv, 
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receives  oxygen  from  the  black  oxide  of  manganese,  or, 
according  to  the  hypothesis  of  Davy,  the  oxygen  of  the 
oxide  combines  with  the  hydrogen  of  the  muriatic  acid 
and  forms  water,  while  the  other  principle  of  the  acid,  the 
Oxy-muriatic  Acid  as  it  is  named,  is  disengaged. 

The  oxy-muriatic  acid  produced  in  this  operation  is  dis- 
engaged  in  the  elastic  form,  and  if  it  is  to  be  submitted  to 
examination  under  this  form,  it  may  be  received  over  warm 
water.  It  may  be  condensed  by  passing  it  through  cold 
water  in  tbe  bottles  of  Woolfe’s  apparatus,  and  may  thus 
be  procured  in  the  liquid  form. 

Oxy-muriatic  acid  gas,  though  it  retains  its  elasticity  at 
low  temperatures  under  a common  atmospheric  pressure, 
may  be  condensed  by  applying  powerful  pressure  to  it.  It 
is  the  only  gas  that  is  visible,  being  discovered  by  its  yel- 
lowish green  Colour ; it  is  heavier  than  atmospheric  ail  ; 
its  odour  is  intolerably  suffocating,  and  even  when  largely 
diluted  with  atmospheric  air  it  produces  a sense  of  suffoca- 
tion when  it  is  respired. 

It  is  absorbed  by  water  in  a quantity  larger  as  the  tem- 
perature is  low  ; at  50°  the  water  takes  up  about  twice  its 
volume.  When  the  water  is  saturated  with  it,  if  it  be 
cooled  below  40°  it  suffers  a kind  of  congelation,  soft  scales 
arc  formed  in  it,  and  even  crystals  in  the  form  of  quadran- 
gular prisms  ; these  are  the  compound  of  the  oxy-muriatic 
acid  and  water  : a moderate  heat  soon  liquefies  it.  The 
solution  has  a yellowish  green  colour,  and  its  odour  is  that 
of  the  acid  itself;  its  taste  is  rather  styptic  than  sour,  and, 
like  the  gas  itself,  it  has  the  property  of  destroying  the  ve- 
getable colours. 
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Liquid  oxy-muriatic  acid  is  decomposed  by  exposure  to 
light,  pure  oxygen  gas  being  disengaged,  and  muiiatic 
acid  produced.  According  to  the  common  theoiy,  this  is 
owing  to  the  separation  of  the  oxygen  from  its  combina- 
tion with  the  muriatic  acid  : according  to  the  theory  ad- 
vanced by  Mr  Davy,  it  must  be  supposed  owing  to  the 
hydrogen  of  part  of  the  water  combining  with  the  oxy-mu- 
riatic acid,  and  forming  muriatic  acid,  while  the  oxygen 
of  the  decomposed  water  appears  in  the  elastic  form.  1 rom 
the  quantity  of  oxygen  given  out  during  the  exposure  to 
the  solar  light,  compared  with  the  quantity  of  muriatic 
acid  found  to  be  in  the  residual  liquid,  Berthollet  infer- 
red, that  100  parts  of  oxy-muriatic  acid  consist  of  89  of 
muriatic  acid  and  1 1 of  oxygen.  Chenevix,  from  the  pro- 
ducts of  the  decomposition  by  heat  of  the  salt  which  oxy- 
muriatic  acid  forms  with  potash,  concluded,  that  the  pro- 
portions are  84  of  muriatic  acid,  and  1 6 of  oxygen. 

Oxy-muriatic  acid  gas  supports  the  combustion  of  a num- 
ber of  inflammable  substances.  A lighted  taper  burns  in 

t 

it  phosphorus  takes  fire  when  immersed  in  it,  and  a num- 
ber of  the  metals,  as  antimony,  arsenic,  copper,  or  others,  if 
introduced  into  it  in  leaves  or  filings,  burn  spontaneously. 
For  the  success  of  the  experiment  the  gas  must  be  pure, 
and  the  temperature  above  70°.  In  these  combinations  it 
has  usually  been  supposed  that  the  oxygen  of  the  oxy-mu- 
riatic acid  is  combined  with  the  inflammable  or  metallic 
substance,  and  that  with  this  the  muriatic  acid  combines. 
According  to  Mr  Davy,  compounds  are  formed  of  the  in- 
flammables or  metals  with  oxy-muriatic  acid ; it  is  only 
when  water  is  communicated  to  them  that  oxygen  is  af- 
forded, the  oxygen  of  the  water  being  transferred  to  the 
Vol.  I.  K k 
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inflammable  or  metallic  base,  while  the  hydrogen  forms 
with  the  oxy-muriatic  acid,  muriatic  acid  which  unites  with 
the  oxide. 

Hydrogen  and  oxy-muriatic  acid  gases  act  on  each  other 
very  slowly  at  a low  temperature,  unless  water  be  admitted, 
which  favours  their  mutual  action.  If  the  electric  spark 
be  transmitted  through  the  mixture  of  them  they  disap- 
pear, and  muriatic  acid  gas  is  produced.  Dalton  and  Gay 
Lussac  have  also  observed,  that  a similar  rapid  combina- 
tion is  produced  when  they  are  exposed  to  solar  light. 
Carburetted  and  sulphuretted  hydrogen  gases  are  decom- 
posed by  it,  and  it  decomposes  ammonia. 

Sulphur,  if  introduced  in  fusion,  burns  in  oxy-muriatic 
acid  gas ; if  not  in  fusion  it  combines  with  it,  and  forms 
a liquor  of  a red  colour,  which  Dr  Thomson,  who  obser- 
ved its  production,  has  considered  as  a compound  of  oxide 
of  sulphur  and  muriatic  acid.  Mr  Davy  supposes  it  to  be 
a compound  of  oxy-muriatic  acid  and  sulphur. 

In  its  liquid  form  oxy-muriatic  acid  does  not  act  with 
much  energy  on  inflammables.  Some  of  the  metals,  how- 
ever, are  dissolved  by  it,  oxygen  being  previously  commu- 
nicated to  the  metal  either  from  the  acid  or  the  water. 

The  most  important  chemical  property  of  this  substance 
is  displayed  in  its  action  on  the  vegetable  colours.  Many 
of  them  it  entirely  destroys  ; and  even  those  which  are 
most  deep  and  permanent,  such  as  the  colour  of  indigo, 
it  renders  faint,  and  changes  to  a light  yellow  or  brown. 
Berthollet  applied  this  agency  of  oxy-muriatic  acid  to  the 
process  of  bleaching,  and  with  such  success  as  to  have  en- 
tirely changed  the  manipulations  of  that  art.  The  me- 
thod of  applying  it  has  been  successively  improved.  It 
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consisted  at  first,  in  subjecting  the  thread  or  cloth  to  the 
action  of  the  acid  in  the  gaseous  form,  but  the  effect  in 
this  way  was  unequally  produced,  and  from  the  too  powers 
ful  action  of  the  acid  gas,  the  strength  and  texture  were 
sometimes  injured.  It  was  then  applied,  condensed  by  wa- 
ter, and  in  a certain  state  of  dilution,  the  thread  or  cloth 
being  prepared  by  previous  boiling  in  water,  to  extract  as 
much  as  possible  of  its  colouring  matter,  being  then  boil- 
ed in  a weak  solution  of  potash,  and  afterwards  immersed 
for  a few  hours  in  the  diluted  oxy-muriatic  acid  •,  and  thi- 
alternate  application  of  the  acid  and  alkali  being  conti- 
nued until  the  colour  was  discharged.  To  avoid  the  offen- 
sive suffocating  odour  of  the  acid,  the  improvement  was 
introduced  of  condensing  the  acid  gas  by  a weak  solution 
of  potash  : lime  diffused  in  water  being  more  economical, 
was  afterwards  substituted ; even  slaked  lime  in  the  state 
of  powder  has  been  employed,  the  compound  it  forms 
with  the  acid  being  dissolved  in  water,  so  as  to  form  the 
bleaching  liquor  of  the  proper  strength.  Under  all  these 
forms  the  oxy-muriatic  acid  was  supposed  to  produce  the 
bleaching  effect,  by  imparting  oxygen  to  the  colouring 
matter  : the  colour  by  this  oxygenation  is  weakened,  and 
the  colouring  matter  is  at  the  same  time  supposed  to  be 
rendered  more  soluble  in  the  alkaline  solution,  alternately 
applied,  and  of  course  more  easily  extracted  by  its  action. 
More  lately,  the  improvement  has  been  introduced  of  em- 
ploying the  potash  alone,  its  solvent  power  being  aided  by 
applying  it  with  the  steam  of  water,  at  a high  temperature 
under  increased  pressure. 

The  relation  of  oxy-muriatic  acid  to  the  alkalis  and 
earths  is  peculiar.  When  presented  to  the  alkali  in  a 
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concentrated  state,  it  does  not  directly  combine  with  it, 
but  undergoes  decomposition  ; a portion  of  it  returns  to  tire 
state  of  muriatic  acid,  and  the  other  portion,  with  a quan- 
tity of  oxygen,  enters  into  combination  with  part  of  the  al- 
kaline base.  It  has  been  concluded  from  this,  that  no 
combination  of  the  oxy-muriatic  acid  with  the  alkalis  ex- 
ists. This  appears,  however,  to  be  a mistake : when  the 
acid  and  the  alkaline  solution  are  much  diluted,  their  mu- 
tual action  is  rendered  less  energetic  : this  decomposition, 
therefore,  does  not  take  place,  but  their  direct  combination 
is  established  ; the  proof  of  which  is,  that  the  liquor  thus 
formed  retains  the  characteristic  property  of  oxy-muriatic 
acid,  that  of  weakening  or  destroying  the  vegetable  colours. 
These  combinations,  however,  cannot  be  obtained  in  an 
insulated  state,  as  there  is  no  mode  of  concentrating  then- 
solution  without  giving  rise  to  that  re-action  which  pro- 
duces decomposition. 


Sect.  III. — Of  Hypcr-oxymiriatk  Acid. 

When  a current  of  oxy muriatic  acid  gas  is  passed 
through  an  alkaline  solution  of  a certain  strength,  a salt 
is  deposited  by  spontaneous  crystallization,  which,  by 
analysis,  is  found  to  contain  a larger  portion  of  oxygen, 
compared  with  the  quantity  of  muriatic  acid  it  contains, 
than  it  could  do,  supposing  it  to  be  a compound  of  oxy- 
muriatic  acid.  It  has  also  been  found,  that  a portion  of 
the  oxymuriatic  acid  returns  to  the  state  of  muriatic  acid, 
a quantity  of  that  acid,  combined  with  a portion  of  the 
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alkali,  being  found  in  tlie  liquor-  It  has  been  concluded 
from  these  facts,  in  conformity  to  the  established  theory 
of  the  composition  of  oxymuriatic  acid,  that  one  portion 
of  it  yields  oxygen  to  the  other,  one  returns  therefore  to 
the  state  of  muriatic  acid,  the  other  passes  to  the  state  of 
an  acid  containing  still  more  oxygen  than  the  oxy-muria- 
tic  acid,  and  each  combines  with  a poi*tion  of  the  alkali 
present,  so  as  to  form  neutral  compounds.  The  acid  in 
the  latter  state  has,  in  conformity  to  this  view,  been 
named  Hyper-oxymuriatic  Acid,  anti  its  salts  are  deno- 
minated Hyper-oxymuriates- 

This  theory  of  course  cannot  be  admitted,  according  to 
the  hypothesis  which  Mr  Davy  has  proposed  of  the  nature 
of  oxymuriatic  acid.  The  existence,  however,  of  a large 
quantity  of  oxygen  in  the  composition  of  the  salts  named 
Hyper-oxymuriates,  is  fully  established  ; and  without  ad- 
mitting the  existence  of  any  acid  corresponding  to  hyper- 
oxymuriatic  acid  in  their  composition,  Mr  Davy  has  sup- 
posed that  these  salts  are  ternary  compounds  of  oxymuria- 
tic acid,  oxygen,  and  the  base  of  the  alkali  of  which  they 
are  formed.  Any  discussion  with  regard  to  these  opposite 
views  would,  in  the  present  state  of  the  inquiry,  be  pre- 
mature. 

The  existence  of  the  acid  named  Hyper-oxymuriatic, 
has  been  inferred  rather  from  the  formation  ot  the  salt 
supposed  to  contain  it,  than  from  its  being  obtained  in  an 
insulated  state ; for  in  this  state  it  does  not  appear  that  it. 
cari  be  procured  so  as  to  be  submitted  to  chemical  exami- 
nation. When  the  salts  supposed  to  contain  it  arc  sub- 
mitted to  the  action  of  another  acid,  as  the  sulphuric  or 
.nitric,  a greenish  yellow  vapour  is  disengaged,  the  liquor 
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around  the  salt  becomes  of  an  orange  colour,  but  no  sen- 
sible product  can  be  obtained : if  heat  is  applied  to  favour 
the  action,  an  explosion  is  produced,  or  if  this  is  avoided, 
the  vapour  disengaged  has  an  intermixture  of  oxygen  and 
oxymuriatic  acid  gases.  Hyper-oxymuriatic  acid,  there- 
fore, if  it  do  exist,  is  unknown  in  a perfectly  insulated 
state,  and  there  are  only  the  salts  named  Hyper-oxy- 
muriates  supposed  to  contain  it,  the  history  of  which  is  to 
be  delivered.  From  the  large  quantity  of  oxygen  they 
contain,  they  act  with  violence  on  inflammable  bodies, 
producing  with  them  deflagration  or  detonation  by  mere 
trituration : they  afford  very  pure  oxygen  when  decom- 
posed by  heat ; they  produce  no  precipitates  with  metallic 
salts,  as  the  muriates  do;  neither  do  they  retain  the  power 
of  the  oxymuriates  of  impairing  the  vegetable  colours. 

Of  these  salts  the  Hyper-oxymuriate  of  Potash  is  best 
known.  To  prepare  it,  a solution  of  four  parts  of  sub- 
carbonate of  potash  in  sixteen  parts  of  water,  from  wliich 
the  carbonic  acid  is  abstracted  by  the  action  of  lime,  is 
put  into  the  bottles  of  Woolfe’s  apparatus,  and  a current 
of  oxymuriatic  acid  gas  is  passed  through  it,  from  a re- 
tort containing  the  materials  from  which  this  acid  is  dis- 
engaged : this  is  continued  until  the  alkali  is  neutralized : 
the  salt  named  Hyper-oxymuriate  of  Potash  is  deposited 
in  scales,  while  a portion  of  muriate  of  potash  remains  in 
solution.  The  rationale  of  the  process  has  been  already 
stated : according  to  the  theory  hitherto  received,  the 
oxymuriatic  acid  is  supposed  to  suffer  decomposition, 
one  portion  returning  to  the  state  of  muriatic  acid,  the 
other  receiving  the  oxygen  which  this  has  yielded,  and 
forming,  by  uniting  with  the  alkali,  hyper-oxymuriate  of 
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potash  : according  to  Mr  Davy’s  views,  the  salt  which  has 
received  this  name  is  a ternary  compound  of  oxymuriatic 
acid,  oxygen,  and  potash  or  potassium. 

Hyper-oxymuriate  of  potash  crystallizes  in  scales,  in 
needle-like  crystals,  or  in  thin  quadrangular  plates,  white, 
and  of  a silvery  lustre.  It  is  soluble  in  17  parts  of  water  at 
60°,  and  in  two  parts  and  a half  at  212  ; it  melts  from  the 
application  of  a moderate  heat : when  heated  to  redness  it 
is  decomposed,  and  very  pure  oxygen  gas  is  expelled,  a- 
mounting  to  more  than  a third  of  the  weight  of  the  salt. 
From  this  decomposition,  Chenevix  endeavoured  to  de- 
termine the  composition  both  of  the  salt  itself,  and  of  the 
hyper-oxym uri at i c acid  which  it  is  supposed  to  contain  : 
300  grains  freed  from  the  water  of  crystallization  yield 
38.3  of  oxygen,  and  the  residue  contains  20  of  muriatic 
acid,  these  being  combined  with  39.2  of  potash,  and  2.5 
of  water  of  crystallization  : the  two  former  are  supposed  to 
constitute  hyper-oxymuriatic  acid,  the  proportions  of  the 
elements  of  which,  therefore,  in  100  parts,  are  G5  of  oxy- 
gen,,and  35  of  muriatic  acid. 

Hyper-oxymuriate  of  potash  is  decomposed  by  the 
acids.  Thrown  into  sulphuric  acid  it  decrepitates,  the 
liquor  acquires  an  orange  colour,  and  a dense  yellowish 
green  vapour  is  disengaged.  If  heat  is  applied,  an  explo- 
sion with  a vivid  flash  of  light  takes  place ; if  the  acid  be 
diluted  so  as  to  admit  of  the  application  of  heat  with  safe- 
ty, the  elastic  fluid  which  is  disengaged  is  a mixture  of  oxy- 
muriatic acid  and  oxygen.  The  action  of  nitric  acid  is  si- 
milar, but  less  violent.  Muriatic  acid  is  converted  into 
©xymuiiatic  acid.  The  clastic  fluid  disengaged  in  these 
decompositions  acts  with  considerable  force  on  inflamraa- 
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foie  substances  ; two  or  three  grains  of  the  salt,  for  exam- 
ple, mixed  with  half  the  quantity  of  sulphur,  charcoal,  re- 
sins, or  oils,  forming  mixtures  which  are  kindled  by  the 
contact  of  sulphuric  or  nitric  acid. 

The  salt  itself  acts  with  still  more  energy  on  inflamma- 
ble bodies.  If  a grain  or  two  be  triturated  with  half  its 
weight  of  sulphur  or  charcoal,  or  if  the  mixture  in  these 
proportions  be  struck  forcibly,  a loud  detonation  is  produ- 
ced. A similar  effect  is  produced  when  several  of  the  me- 
tals are  employed ; and  with  phosphorus  the  detonation  is 
so  violent,  that  it  can  be  made  with  safety  only  on  a very 
small  quantity.  These  mixtures  arc  also  inflamed  by  the 
electric  discharge  and  by  applying  heat.  These  effects  ap- 
pear to  arise  from  the  rapid  combination  of  the  oxygen  of 
the  salt  with  the  inflammable  body,  and  the  formation  in 
general  of  an  elastic  product. 

The  other  hyper-oxymuriates  scarcely  require  particu- 
lar notice.  The  hyper-oxymuriatc  of  soda  is  not  so  easi- 
ly obtained  pure  as  that  of  potash,  as  it  is  nearly  of  the 
same  degree  of  solubility  with  muriate  of  soda,  and  is 
therefore  not  easily  separated  from  it  by  crystallization. 
It  crystallizes  in  cubes,  is  deliquescent,  and  is  soluble  in 
three  parts  of  cold  water.  Hyper-oxymuriate  of  ammo- 
nia is  formed  by  decomposing  carbonate  of  ammonia  by 
hyper-oxymuriate  of  lime-,  is  very  soluble  in  water  and  in 
alkohol,  and  is  decomposed  by  a slight  elevation  of  tempe- 
rature. Hyper-oxymuriate  of  barytes  is  soluble  and  cry- 
stallizable,  as  is  also  that  of  strontites ; hyper-oxymuriate 
of  lime  is  deliquescent,  and  soluble  in  water  and  alkohol, 
hyper-oxymuriate  of  magnesia  has  nearly  the  same  pioper 
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OF  METALS,  AMD  THEIR  COMBINATIONS. 


F all  the  classes  of  inanimate  natural  production-. 


that  of  Metals  appears  to  be  best  defined,  the  sub- 
stances united  under  it  having  qualities  extremely  appro- 
priate. Their  peculiar  lustre,  perfect  opacity,  great  den- 
sity, and  tenacity,  are  properties  which,  to  the  same  ex- 
tent, belong  to  none  of  the  other  varieties  of  matter,  and 
which,  possessed  by  each  metal,  serve  to  distinguish  it 
without  ambiguity. 

The  progress  of  science  has,  however,  in  this  as  in  many 
other  examples,  modified  or  subverted  our  artificial  dis- 
tinctions. Of  these  characteristic  qualities,  that  of  tena- 
city, under  the  forms  of  ductility  and  malleability,  has  been 
found  not  to  belong  to  all  the  substances  referred  to  the 
class  •,  and  still  more  recently,  the  discovery  of  the  bases 
of  the  alkalis  and  earths  has  demonstrated,  that  a high  de- 
gree of  density  is  not  possessed  by  substances  which  have 
all  the  other  metallic  properties.  The  ideas  conn  cted 
with  an  established  system  of  classification,  in  *ome  mea*- 
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sure  oppose  the  changes  to  which  such  discoveries  lead. 
The  metals  destitute  of  ductility  and  malleability  were  for 
a time  placed  as  a subordinate  order,  under  the  appellation 
of  Semi-metals  ; and  chemists  at  present  hesitate  whether 
the  alkaline  and  earthy  bases  are  metallic.  We  can  scarce- 
ly, however,  on  any  principles  of  sound  arrangement,  re- 
fuse them  this  rank ; and  it  is  only  because  the  established 
system  of  chemical  knowledge  is  still  so  much  connected 
with  the  former  distinctions,  and  that  time  is  required  to 
mature  such  innovations,  that  I have  already  considered 
the  alkalis  and  earths  as  distinct  orders,  and  have  given 
under  their  history  that  of  the  metallic  bases  of  which  they 
are  formed. 

Excluding  these  substances,  the  number  of  substances 

) 

admitted  as  metals  amounts  to  twenty-seven.  Seven  of  these 
only  were  known  to  the  ancients,  and  of  the  others  the 
greater  number  is  of  very  recent  discovery,  and  some  of 
them  have  only  doubtful  claims. 

Of  the  physical  properties  characteristic  of  the  metals, 
that  of  density  used  to  be  regarded  as  one  of  the  most  dis- 
tinctive. The  specific  gravity  of  fossil  substances  not  me- 
tallic seldom  exceeds  2 or  3,  water  being  1 , and  the  hea- 
viest of  them  is  not  more  than  4.5,  while  the  lightest  of  the 
metals  exceeds  6,  and  many  of  them  are  more  than  ten 
times  heavier  than  water.  The  metalloids,  as  the  substan- 
ces obtained  from  the  alkalis  and  earths  have  been  named, 
are,  however,  lighter  than  water. 

Opacity  so  far  belongs  to  the  metals,  that  when  in  the 
thinnest  plates  into  which  they  can  be  reduced  without  the 
continuity  being  broken,  they  transmit  no  light,  while  the 
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most  opaque  substance  of  any  other  class  becomes  translu- 
cent under  a similar  mechanical  division.  The  only  ex- 
ception with  regard  to  the  metals,  is  afforded  by  gold, 
which,  in  very  thin  leaves,  transmits  a green  light,  a proof 
that  the  property  is  merely  relative,  and  that  transparency 
would  be  acquired  under  a sufficient  extension.  Still  opa- 
city  peculiarly  belongs  to  the  metals,  and  in  conjunction 
with  the  peculiar  lustre  to  which  it  gives  rise,  is  the  only 
property  strictly  characteristic ; for  now  that  the  properties 
of  density,  of  ductility,  and  malleability,  cannot  be  regard- 
ed as  essential,  there  is  nothing  in  the  diamond,  and  per- 
haps even  in  sulphur,  but  their  transparency,  that  can  pre- 
vent them  from  being  ranked  as  metallic.  And  as  the  as- 
signing the  property  of  opacity  alone,  as  distinctive  of  me- 
tals, would  be  imposing  a mere  arbitrary  distinction,  all 
these  substances  strictly  belong  perhaps  to  one  class. 

lhe  opacity  of  the  metals,  and  the  closeness  of  their  tex- 
ture, causing  the  entire  reflection  of  light  from  their  sur- 
face, they  hence  possess  a high  degree  of  lustre  or  bril- 
liancy. Many  of  them  lose  this  from  the  tarnish  they  suf- 
ier  from  exposure  to  the  air  ; but  in  their  fresh  fracture 
they  all  exhibit  it.  It  is  increased  also  by  the  high  polish 
of  which  they  are  in  general  susceptible. 

Ihe  property  of  tenacity,  or  strong  cohesion  of  parts, 
appears  in  the  metals  under  two  forms,  ductility  and  mal- 
leability. By  the  former  is  understood  that  modification 
of  tenacity  whence  a body  can  be  drawn  into  fine  wire ; 
by  the  latter,  that  in  consequence  of  which  it  can  be  beat* 
or  extended  into  thin  leaves.  Though  both  properties  are 
connected,  they  are  still  distinct,  and  arc  possessed  in  very 
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different  degrees  by  different  metals.  Where  hardness  ac- 
companies tenacity,  the  extension  into  leaves  is  difficult, 
while  that  into  wire  is  easily  executed  ; hence  iron  can  be 
drawn  into  finer  wire  than  any  other  metal,  or  possesses 
the  greatest  d uctility,  while  it  has  little  malleability.  Pla- 
tina  has  nearly  the  same  character.  In  the  soft  metals,  on 
the  contrary,  tenacity  appears  usually  under  the  form  of 
malleability  ; thus  gold,  tin,  and  lead,  can  be  extended  in 
thin  plates,  without  being  capable  of  being  drawn  into  very 
fine  wire.  Silver  and  copper,  being  metals  of  medium 
hardness,  have  both  properties,  nearly  perhaps  in  equal 
proportions.  In  a number  of  the  metals,  the  brittleness  is 
such  as  to  prevent  their  extension  to  any  great  degree  of 
fineness  under  either  form.  The  extension  of  the  metals  is 
facilitated  by  a certain  degree  of  temperature,  this  favour- 
ing their  expansion,  increasing  the  distances  between  their 
particles,  and  probably  lessening  their  hardness  or  rigidi- 
ty ; but  if  heated  beyond  a certain  temperature,  brittleness 
is  communicated  probably  from  the  attraction  of  cohesion 
being  weakened.  Hence  the  metals  are  in  general  brittle 
when  heated  near  to  their  melting-point. 

The  quality  of  hardness  belongs  to  the  metals,  but  is 
possessed  by  the  different  metals  in  very  different  degrees, 
so  as  to  serve  as  one  of  those  properties  by  which  the  indi- 
viduals of  the  class  may  be  distinguished  from  each  other. 
In  all  of  them  it  can  be  increased  by  different  artificial  me- 
thods, principally  by  cooling  them  suddenly  when  they  have 
been  highly  heated.  This  hardness,  acquired  from  the 
hasty  approximation  of  the  particles,  is  accompanied  with 
a corresponding  degree  of  brittleness.  The  softness  and 
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tenacity  can  be  restored. by  again  heating  them,  and  allow- 
ing them  to  cool  slowly. 

In  their  relations  to  caloric,  metals  observe  the  same 
general  laws  as  other  bodies.  They  are  superior  to  all 
others  in  conducting  power.  Their  fusibility  is  very  va- 
rious. Quicksilver  is  so  fusible  as  to  require  a reduction  of 
temperature  equal  to  — 40°  to  congeal  it;  while  other  metals, 
as  molybdena,  or  manganese,  can  with  the  utmost  difficul- 
ty be  fused.  * In  congealing,  they  so  far  assume  a crystal- 
line arrangement  as  to  exhibit  an  internal  structure  pecu- 
liar to  each  ; and  by  slow  cooling,  several  of  them  can  be 
made  to  assume  regular  crystalline  forms,  generally  those 
of  the  cube  and  octaedron.  In  volatility  they  are  likewise 
extremely  various.  Quicksilver  passes  into  vapour  in  va- 
cuo at  natural  temperatures ; it  boils  under  a medium  at- 
mospheric pressure  at  a temperature  a little  below  700. 
Arsenic  is  even  more  volatile,  while  the  greater  number 
require  very  intense  heats  to  convert  them  into  vapour. 

Metals,  in  relation  to  electricity,  conduct  it  better  than 
any  other  bodies.  They  evolve  it  by  mutual  contact, 
whence  their  power  of  generating  galvanism. 

Metals  exert  affinities  to  other  substances,  so  as  to  be 
susceptible  of  numerous  combinations.  They  unite  with 
oxygen,  with  sulphur,  phosphorus,  and  carbon,  and  with 
each  other;  and  when  combined  with  oxygen,  they  farther 
combine  with  acids,  and  in  general  with  alkalis  and  earths. 
Of  these  combinations,  that  with  oxygen  is  the  most  im- 
portant, and  a number  of  general  facts  have  been  esta- 
blished with  regard  to  it. 

The  combination  of  a metal  with  oxygen  in  general 


6 


OF  METALS, 


takes  place,  when  it  is  favoured  by  a sufficient  elevation  of 
temperature  ; and  it  is  this  which  constitutes  the  striking 
and  important  change  which  many  metals  suffer  when 
heated  under  exposure  to  the  air.  The  metal  loses  its 
lustre,  scales  form  upon  its  surface,  and  as  this  proceeds, 
it  loses  altogether  its  tenacity,  density,  and  other  charac- 
teristic properties  ; and  is  converted  into  a powder,  dull, 
and  in  general  earthy  in  its  appearance.  This  process  was 
formerly  named  Calcination,  and  the  product  was  deno- 
minated a Metallic  Calx.  According  to  the  theory  of 
Stahl,  it  arose  from  the  dissipation  of  the  phlogistic  or 
inflammable  principle*  which  he  supposed  to  exist  in  me- 
tals in  common  with  inflammable  substances  ; and  the  pro- 
duct of  the  process,  according  to  this  view,  is  the  substance 
or  base  of  the  metal,  with  which  the  phlogiston  had  been 
combined.  The  important  fact,  however,  had  been  esta- 
blished, with  regard  to  several  metals,  that  the  metal,  in 
suffering  this  change,  increases  in  weight — a fact  altogether 
at  variance 'with  the  hypothesis  : it  had  been  farther  dis- 
covered, that  the  admission  of  the  air  is  necessary  to  the 
process.  Bayen,  about  the  period  of  the  commencement 
of  the  researches  of  pneumatic  chemistry,  discovered  the 
very  important  fact,  that  from  certain  metallic  calces,  par- 
ticularly those  of  quicksilver,  a large  quantity  of  aerial 
fluid  might  be  expelled  by  the  application  of  heat  in  close 
vessels,  the  calx  at  the  same  time  returning  to  the  metallic 
form.  The  weight  the  metal  gains  in  calcination  he  as- 
.cribed  to  the  absorption  of  this  aerial  fluid,  and  his  expe- 
riments he  regarded  therefore  as  so  far  subversive  of  the 
theory  of  Stahl.  It  was  afterwards  discovered,  that  the  air 
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thus  expelled  is  oxygen  gas ; it  was  shewn  by  more  ample 
and  decisive  evidence,  that  the  presence  of  atmospheric 
air  is  indispensible  to  metallic  calcination  ; it  was  proved, 
that  the  air  suffers  during  the  process  a diminution  of  vo- 
lume and  weight ; that  this  is  owing  to  the  abstraction  of 
part  of  its  oxygen  ; and  that  the  increase  of  weight  which 
the  metal  suffers,  is  equivalent  to  the  weight  of  the  quanti- 
ty of  oxygen  which  disappears.  Lavoisier,  by  whom  some 
of  these  facts  were  established,  concluded  from  them,  that 
the  calcination  of  a metal  is  merely  its  combination  with 
oxygen,  and  that  the  general  process  is  therefore  tso  far 
analogous  to  the  process  of  combustion. 

The  oxidation  of  a metal,  by  the  agency  of  atmosphe- 
ric air,  takes  place  in  different  metals  with  different  de- 
grees of  facility.  Ingeneral,  it  is  necessary  to  raise  the 
temperature  considerably  higher  than  a natural  tempera- 
ture, and  to  many  of  them  it  is  necessary  to  apply  very 
intense  heats.  Some  are  oxidated  at  the  temperature  at 
which  they  melt ; others,  even  when  in  perfect  fusion,  un- 
dergo no  change ; some  are  oxidated  when  the  heat  is 
raised  sufficiently  high  to  convert  them  into  vapour  ; and 
others,  as  gold  or  platina,  resist  oxidation  at  either  tem- 
perature, and  can  scarcely  be  made  to  undergo  it  from  the 
action  of  oxygen  in  its  elastic  form.  The  application  of 
heat,  in  promoting  metallic  oxidation,  is  to  be  explained 
on  the  same  principles  as  its  agency,  in  favouring  in  general 
chemical  combination.  It  acts  by  lessening  the  cohesion 
of  the  metal,  which  is  an  obstacle  to  the  combination  ; 

. this  is  concentrated,  however,  to  a certain  extent,  by  its 
.necessarily  augmenting  the  elasticity  of  the , oxygen  0-a«- 
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and  hence,  where  the  mutual  affinity  between  the  metal 
and  the  oxygen  is  weak,  the  combination  is  not  effected. 

Tlie  phenomena  which  accompany  the  combination  of 
a metal  with  oxygen,  are  various.  In  general,  it  takes 
place  slowly,  and  hence  there  is  scarcely  any  sensible  evo- 
lution of  light,  and  no  such  extrication  of  caloric,  as  to 
enable  the  combination  to  proceed  independent  of  the  con- 
tinued application  of  heat.  In  some,  however,  the  oxida- 
tion is  so  rapid  as  to  give  rise  to  the  phenomena  of  com- 
bustion : thus  zinc  and  iron  burn  vividly  at  a temperature 
a little  higher  than  that  of  ignition  ; tin  and  arsenic  burn 
at  the  same  temperature,  with  a more  feeble  flame ; and 
at  more  intense  heats,  nearly  ail  the  metals  suffer  com- 
bustion. 

The  substances  formed  by  the  combination  of  oxygen 
with  metals,  are  in  geneVal  oxides.  With  regard  to  seve- 
ral i f them,  however,  the  oxidation  can  also  be  carried  so 
far  as  to  produce  compounds  with  distinct  acid  powers. 

Metallic  oxides  have  few  common  characteristic  proper- 
ties. They  are  usually  of  an  earthy  appearance,  without 
the  lustre,  tenacity,  or  density  of  the  metals.  Several  of 
them  may  be  vitrified,  when  they  form  glasses  more  or  less 
transparent,  of  dark  colours,  'i  heir  chemical  relations 
are  entirely  different  from  those  ol  the  metals ; they  exert 
affinities  to  the  acids,  alkalis,  and  earths,  and  in  their  com- 
binations with  acids,  neutralize  the  acid  properties.  In 
these  properties  they  are  analogous  to  the  alkalis  and 
earths;  and  in  strictness  ol  chemical  arrangement,  they 
probably  form  with  these  substances  onh  one  class.  he 
common  metallic  oxides  differ  from  the  aikaiis,  and  seve- 
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fa)  of  the  earths,  in  being  less  soluble  in  water,  whence 
they  display  less  energy  in  chemical  action. 

In  combining  with  oxygen,  the  metals  unite  with  diffe- 
rent proportions'  of  it;  the  proportion,  for  example,  in  ox- 
ide of  gold  or  silver,  does  not  exceed  7 parts  in  100,  while 
in  that  of  iron  or  manganese,  it  equals  or  exceeds  40.  If 
the  quantity  condensed  can  be  regarded  as  a measure  of 
the  force  of  affinity  which  tiie  metal  exerts,  as  Berthol- 
let  s views  of  chemical  attraction  suggest,  we  should  have 
a correspondence  apparently  strict  between  this  criterion 
and  that  which  is  afforded  by  the  comparative  facility  and 
difficulty  of  decomposition  ; for  of  the  above  oxides,  those 
ot  gold  and  silver  are  decomposed  with  great  facility,  while 
the  entire  decomposition  -of 'those  of  iron  and  manganese 
is  extremely  difficult. 

Each  metal,  in  combining  with  oxygen,  combines  too 
w ih  different  proportions  of  it,  and  these  combinations,  in 
conformity  to  the  usual  law  ot  chemical  attraction,  give 
origin  to  compounds  having  very  different  properties. 
Quicksilver,  with  a small  proportion  of  oxygen,  forms  an 
oxide  of  a grey  colour  ; with  a large  proportion  of  oxygen, 
it  forms  one  which  is  red  ; manganese  forms  a white  and 
a black  oxide,  iion  a black  and  a red  ; and  there  are  others 
in  which  the  degrees  of  oxidation  are  more  numerous, 
marked  by  differences  of  properties  sufficiently  distinctive. 
Ihc  force  with  which  the  oxygen  is  retained  in  these  com- 
binations is  different,  being  less  strong  as  the  proportion 
of  oxygen  is  greater,  from  the  influence  of  quantity  on 
chemical  affinity.  1 lence  the  partial  decomposition  of  an 
oxide  cun  often  be  easily  effected,  while  the  entire  de- 
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composition  requires  the  introduction  of  a more  powerful 
force. 

It  was  an  opinion  generally  received  among  chemists, 
that  these  combinations  of  a metal  with  oxygen  take  place 
in  determinate  proportions,  and  that  between  these  pro- 
portions there  are  no  intermediate  combinations.  Thus 
there  were  supposed  to  be  a black  and  a red  oxide  of  iron, 
the  one  containing  27  of  oxygen,  the  other  48  ; but  be- 
tween these  two  proportions,  no  direct  combination  of  iron 
and  oxygen  was  supposed  to  take  place.  Proust  suppos- 
ed, that  with  regard  to  every  metal,  there  are  two  deter- 
minate degrees  of  oxidation  : Other  chemists  have  allowed 
that  the  degrees  of  oxidation  may  be  more  numerous  ; but 
have  supposed  that  these  degrees  are  determinate,  and  are 
so  in  consequence  of  an  attribute  in  the  exertion  of  chemi- 
cal affinity  itself. 

This  opinion  has  been  called  in  question,  however,  and 
apparently  with  much  reason,  by  Berthollet.  He  supposes 
that  the  proportions  can  vary  progressively  from  the  term 
at  which  the  combination  of  the  oxygen  and  the  metal  be- 
comes possible,  to  that  at  which  the  oxidation  is  at  the  high- 
est degree  j that  in  many  cases  it  actually  does  so ; and 
that  it  in  others  determinate  proportions  are  observed, 
this  is  owing  to  the  operation  of  circumstances  which  at 
these  proportions  limit  the  combination,  and  which  in 
general  being  uniform,  give  rise  to  an  invariable  propor- 
tion. 

I his  opinion  of  Berthollet  not  only  accords  better  with 
correct  views  of  chemical  affinity,  but  has  the  advantage 
of  not  being  incompatible  with  the  facts  which  have  a re- 
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lation  to  this  subject,  while  it  is  more  directly  inferred 
from  others,  which  the  opposite  hypothesis  imperfectly 
explains.  There  are,  for  example,  two  oxides  of  man- 
gauese  well  determined  ; the  white  oxide  at  the  minimum 
of  oxidation,  and  the  black  at  the  maximum  of  oxidation. 
The  black  oxide  is  decomposed  by  heat,  and,  according 
to  the  intensity  of  this,  more  or  less  oxygen  is  expelled, 
the  colour  becoming  lighter,  and  passing  through  nume- 
rous shades.  The  decomposition  is  here  not  limited  to 
determinate  proportions,  but  is  indefinite,  or  at  every  pro- 
portion between  the  two  extremes  ; and  it  is  a very  vague 
hypothesis  to  suppose,  as  has  been  done,  that  the  shades 
of  colour  indicating  these  numerous  degrees  of  oxidation 
arise  from  mixtures  of  the  determinate  oxides.  The  per- 
fect oxide  of  iron,  in  like  manner,  passes,  by  the  action 
of  heat,  by  numerous  shades  of  colour,  from  red,  through 
purple  to  black,  or  by  triturating  red  oxide  of  mercury 
with  metallic  mercury  in  various  proportions,  different 
tints  of  grey  and  yellow  are  obtained.  In  all  these  case6, 
each  shade  of  colour  must  be  considered  as  indicating 
a certain  stage  of  oxidation.  But  these  are  so  numerous, 
and  pass  so  imperceptibly  into  each  other,  as  to  prove  that 
the  oxidation  is  not  determinate,  but  may  take  place  in  in- 
definite proportions. 

It.  is  no  doubt  true,  however,  that  the  proportions  in 
metallic  oxidation  are  often  x-cally  determinate,  owing  to 
the  operation  of  circumstances  nearly  uniform  in  them- 
selves, by  which  the  combination  is  regulated.  The  fu- 
sion of  a metal  may  be  stated  as  an  example  of  this.  If  a, 
metal  be  oxidated  at  the  point  at  which  it  melts,  as  that  pojrrt 
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is  not  variable,  the  oxide  will  always  be  uniform,  or  one  de- 
terminate proportion  will  be  observed  in  the  combination. 
The  oxide  formed  at  the  point  of  the  volatilization  will, 
from  a similar  cause,  be  always  the  same.  And  the  affini- 
ties of  acids,  and  the  cohesion  of  crystallized  metallic  salts, 
are  often  .sufficiently  powerful  to  determine  the  combina- 
tion, or  place  limits  to  the  proportions  in  which  it  takes 
place. 

It  follows,  from  these  observations,  that  no  precise  no- 
menclature can  be  applied  to  the  denomination  of  the  me- 
tallic oxides.  To  attempt  to  establish  distinctive  appellations 
of  the  different  oxides  of  the  same  metal,  on  supposed  de- 
terminate and  constant  degrees  of  oxidation,  would  be  only 
to  introduce  a source  of  error,  which  in  the  progress  of 
the  science  would  be  productive  of  much  confusion.  The 
distinctions  of  the  oxides  are  generally,  and  perhaps  most 
conveniently,  drawn  from  qualities  in  which  they  differ. 
Colour,  as  it  is  the  most  obvious,  is  the  most  usual.  But 
where  this  is  not  sufficient^  distinctive,  the  distinction  may 
be  drawn  from  other  properties. 

Metallic  oxides  may  be  decomposed,  the  oxygen  being 
abstracted,  and  the  metal  obtained  again  in  its  metallic  state. 
This  constitutes  the  process  named  Reduction,  and  it  is 
effected  in  various  modes. 

The  oxides  of  some  metals  are  reduced  by  the  operation 
of  caloric  alone ; those  of  gold,  silver,  and  quicksilver,  are 
thus  reduced  by  a heat  not  much  superior  to  that  of  igni- 
tion ; and  others,  by  elevation  of  temperature,  suffer  at  least 
n partial  reduction. 

In  general,  however,  it  is  necessary  to  introduce  the 
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more  powerful  agency  of  other  substances  exerting  an  af- 
finity to  oxygen.  Charcoal  is  the  one  niost  powerful  amt 
most  convenient  in  its  operation  ; and>  hence,  the  oxides 
of  all  the  metals,  when  exposed  to  a heat  sufficiently  intense, 
in  mixture  with  charcoal  powder,  or  with  matter  capable 
of  being  converted  into  charcoal,  as  any  vegetable  substance, 
ar,e  reduced,  the  carbonaceous  matter  combining  with  the 
oxygen  of  the  oxide,  and  forming  carbonic  acid,  carbonic 
oxide,  or  portions  of  both,  according  to  the  proportions 
employed,  or  the  force  of  affinity  with  which  the  oxygen  is 
retained.  The  metal,  thus  deprived  of  oxygen,  is  at  the 
same  time  fused.  The  addition  of  some  substances  favour 
the  operation  by  melting,  and  thus  communicating  that 
state  of  fluidity  favourable  to  chemical  action,  or  by  a re- 
sulting affinity  aiding  the  formation  of  carbonic  acid  by 
the  union  of  the  carbon  and  oxygen.  Carbonate  of  potash 
mixed  with  charcoal,  under  the  form  of  what  is  named  the 
blacl  Jluxy  prepared  by  calcining  a mixture  of  one  part  of 
nitre  with  two  of  tartar,  is  generally  used  for  this  purpose, 
in  experiments  on  a small  scale.  In  reduction  performed 
on  a large  scale,  lime  is  useful,  partly  by  the  same  opera- 
tion, and  partly  by  contributing  to  the  vitrification  and  re- 
movu.  of  any  earthy  matter. 

Metallic  oxides  may  be  reduced  by  the  action  of  other 
substances,  exerting  a strong  attraction  to  oxygen,  as,  for 
example,  by  hydrogen;  and  even  one  metal,  under  certain 
ciicumstances,  reduces  the  oxide  of  another.  Light  re- 
duces them  partially  or  entirely,  as  has  been  already  stated  ; 
and  they  are  decomposed  when  placed  in  the  galvanic  cir- 
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cuit,  fi-om  the  different  relations  of  oxygen,  and  of  metallic 
matter,  to  the  different  galvanic  poles. 

Besides  the  direct  action  of  oxygen  in  its  elastic  form 
on  metals,  there  are  other  cases  in  which  the  same  ultimate 
result  is  produced  by  the  transfer  of  oxygen  from  com- 
pounds in  which  it  exists.  Thus  metals  are  oxidated  by 
deflagration  with  nitre,  and  by  the  action  of  acids,  and  of 
water  ; and  these,  being  more  complicated,  present  some 
peculiar  phenomena. 

If  a metal  be  exposed  to  a high  temperature  in  mixture 
with  nitre,  the  oxygen  disengaged  from  the  decomposition 
of  the  acid,  combines  with  the  metal,  and  usually  with 
such  rapidity  as  to  produce  the  phenomena  of  combustion 
or  deflagration.  With  regard  to  several  of  them,  how- 
ever, a very  high  temperature  is  necessary  for  this ; and 
those  which  have  a weak  attraction  to  oxygen,  particularly 
gold,  silver,  and  platina,  suffer  die  change  imperfectly. 
Those  which  are  more  susceptible  of  oxidation,  are  in  gene- 
ral by  this  process  oxidated  to  the  maximum,  and  frequently 
the  oxide  exerts  an  affinity  to  the  potash,  and  combines 
with  it.  A similar  oxidation  of  metals  may  be  effected  by 
the  agency  of  the  hyper-oxymuriate  of  potash  ; and  mix- 
tures of  this  salt  with  a number  of  the  metals  detonate  from 
percussion,  as  has  been  already  stated. 

These  metals  which  have  a strong  attraction  to  oxygen, 
receive  it  from  water.  Some  of  them,  as  iron,  do  so  at  a 
low  temperature.  At  a high  temperature,  it  takes  place 
more  rapidly,  as  it  does  also  at  a low  temperature,  when 
promoted  by  the  disposing  affinity  of  an  acid. 

Acids  arc,  of  all  the  classes  of  chemical  agents,  those 
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which  act  with  greatest  force  in  oxidating  metals ; the  acid 
either  directly  imparting  oxygen  to  the  metal,  enabling 
the  metal  to  acquire  it  from  the  decomposition  of  water,  or 
sometimes  by  absorption  from  the  atmospheric  air.  Ac- 
cording as  orte  or  other  of  these  effects  is  produced,  the  ac- 
tion of  an  acid  on  a metal  is  attended  with  peculiar  pheno- 
mena. If  the  acid  act  by  directly  affording  oxygen,  the 
action  is  attended  with  the  evolution  of  the  other  consti- 
tuent principle  of  the  acid,  either  pure  or  partially  oxidat- 
ed : if  it  operate  by  enabling  the  metal  to  attract  oxygen 
from  the  water  which  is  present,  then  it  is  accompanied 
with  the  disengagement  of  hydrogen  gas.  Nitric  acid  al- 
ways directly  imparts  oxygen  to  metals;  and  in  conse- 
quence of  this  decomposition,  nitric  oxide,  nitrous  oxide, 
or  nitrogen  gas,  is  disengaged.  Sulphuric  acid  scarcely 
suffers  decomposition,  unless  the  affinity  of  the  metal  to 
oxygen  be  aided  by  a high  temperature;  and  hence,  in 
its  concentrated  state,  it  does  not  act  forcibly  on  metals  in 
the  cold;  but  when  diluted,  its  action  is  powerful  in  oxi- 
dating the  metal  by  the  decomposition  of  the  water.  The 
action  of  muriatic  acid  is  similar;  and  hence,  those  metals 
only  are  oxidated  by  it,  as  well  as  by  diluted  sulphuric  acid, 
wmeh  are  capable,  when  aided  by  the  resulting  affinity  of  the 
acid,  of  decomposing  water.  The  principles  of  nitric  acid 
uemg  united  by  a weaker  affinity,  it  is  more  susceptible  of 
decomposition  ; and  hence  it  acts  on  all  the  metals,  gold 
and  platina  excepted,  the  affinity  oi  these  to  oxygen  beum 
not  sufficiently  powerful  to  decompose  it. 

The  effect  oi  an  acid,  in  ihose  cases  in  which  it  pro- 
motes the  oxidation  of  a metal  by  the  decomposition  of 


10 


OF  MFTALS, 

water,  is  an  example  of  what  is  named  Disposing  or  "Result- 
ing  Affinity,  or  it  depends  on  the  united  force  of  attrac- 
tions, which,  but  by  their  co-operation,  would  not  be  ap- 
parent,— the  attraction  of  the  metal  to  oxygert,  of  the  acid 
to  oxygen,  aild  of  the  acid  to  the  metal.  These  co-operat- 
ing overcome  the  single  affinity  of  the  oxygen  to  hydrogen  ; 
hence  the  water  is  decomposed,  and  the  metal,  the  oxygen 
of  the  water,  and  the  acid,  enter  into  one  combination. 

In  a few  cases,  an  acid  promotes  the  oxidation  of  a metal, 
by  enabling  it  to  attract  oxygen  from  the  air.  This  kind 
of  action  is  generally  exerted  by  acids  of  weak  power,  it 
is  well  exemplified  in  the  action  of  diluted  acetic  acid  on 
copper  or  lead. 

The  action  of  an  acid  on  a metal,  is  not  limited  merely 
to  its  causing  its  oxidation  : as  the  oxidation  is  effected, 
the  acid  uniformly  combines  with  the  oxide,  and  it  is  tins 
which  constitutes  the  solution  of  metals  in  acids.  No  at  id 
directly  combines  with  a metal,  the  metal  must  always  be 
oxidated  5 hence,  if  an  acid  act  on  a metal,  it  does  so  al- 
ways by  first  communicating  to  it  oxygen  directly  or  indi- 
rectly in  the  modes  above  explained,  and  at  the  same 
time  it  combines  with  the  oxide  as  it  is  fbrmed.  And 
hence,  the  compounds  thus  formed  are  the  same  with  those 
which  would  be  produced,  if  the  acid  more  directly  com- 
bined with  the  metal  previously  brought  to  the  same  state 
of  oxidation  by  any  other  mode.  If  the  compound  of  the 
oxide  and  acid  is  insoluble,  or  of  sparing  solubility  it 
is  precipitated  as  the  mutual  action  proceeds  ; but  if  it  is 
sufficiently  soluble,  it  remains  in  solution  in  the  water  of 
the  acid,  generally  retaining  an  excess  oi  acid  in  the  com- 
bination. 


and  their,  combinations. 
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The  base,  therefore,  in  immediate  union  with  the  acid  in 
all  these  combinations,  is  not  the  metal,  but  the  metallic 
oxide.  It  produces  perfect  neutralization  of  the  acid  when 
the  .combination  is  established  in  the  due  proportions. 
These  compounds  are  strictly  analogous  to  those  formed 
bv  the  combination  of  the  alkalis  and  earths  with  the 

J 

acids  •,  they  are  many  of  them  soluble  in  water  and  crys- 
tallizable.  Being  thus  of  a saline  nature,  they  have  been 
denominated  metallic  salts ; and  the  same  nomenclature  is 
applied  to  them  as  to  the  other  orders  of  compound  salts ; 
those  which  contain  sulphuric  acid  being  named  sulphates, 
those  containing  nitric  acid,  nitrates,  and  the  same  mode 
being  followed  with  regard  to  the  others.  The  species  is 
named  from  the  metal  which  is  the  ultimate  base,  as  sul- 
phate of  iron,  nitrate  of  copper,  &c.  In  the  strictness  ol 
system,  the  name  ought  to  be  derived  not  from  the  metal, 
but  the  metallic  oxide,  as  it  is  this  which  is  the  primary 
base,  or  is  in  immediate  combination  with  the  acid  ; but- 
the  other  nomenclature  has  from  its  conciseness  been  pre- 
ferred. 

Every  metal  being  susceptible  of  different  degrees  of  oxi- 
dation, it  is  obvious  that  the  same  metal  may  with  the  same 
acid  form  different  compounds,  according  as  it  is  more  or 
less  highly  oxidated.  This  accordingly  gives  rise  to  strik- 
ing differences  in  these  combinations,  and  to  a number  ol 
important  facts  with  regard  to  them. 

The  difference  in  the  nature  and  properties  of  these 
compounds,  from  the  different  states  of  oxidation  in  which 
the  metal  exists  combined  with  the  acid,  is  apparent  in 
many  examples.  Thus  there  is  one  muriate  of  mercury 
You  II.  B 
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insipul,  insoluble,  and  extremely 'mild  •,  but  there  is  also 
another  in  which  the  metal  is  more  highly  oxidated,  so- 
luble, and  in  the  highest  degree  acrid  and  corrosive. 

d he  facts  with  regard  to  the  production  of  these  com- 
pounds, and  the  state  of  oxidation  in  which  they  exist,  ad- 
mit of  a certain  degree  of  generalization,  under  which  they 
may  be  best  enumerated.  JThe  following  are  the  most  im- 
portant. 1st,  hen  a metal  is  acted  on  by  a diluted 

acid,  or  by  one  having  not  much  energy  of  action, 
it  is  usually  less  highly  oxidated  than  when  acted  on  by 
one  more  powerful,  or  which,  from  facility  of  decomposi- 
tion, affords  oxygen  more  readily.  2d,  When  the  solution 
takes  place  in  the  cold,  the  degree  of  oxidation  is  less  con- 
siderable than  when  the  mutual  action  is  favoured  by  heat. 
3d,  The  oxidation  of  the  metal  may  at  first  be  at  the  mi- 
nimum, but  it  may  pass  to  a higher  degree,  from  exposure 
to  the  air,  a quantity  of  oxygen  being  absorbed  ; or  a si- 
milar change  may  be  produced  from  a farther  decomposi- 
tion of  the  acid  in  the  combination,  this  happening  more 
particularly  when  heat  is  applied.  4 th,  The  affinity  of  the 
metallic  oxide  to  the  acids  changes  as  the  oxidation  varies, 
becoming  in  general  less  powerful,  as  the  degree  of  oxida- 
tion is  gi  eatei  : hence  a metal  highly  oxidated  may  be  in- 
soluble in  an  acid  in  which  it  may  be  dissolved  at  a lower 
degree  of  oxidation ; hence  too  the  cause  of  a common 
occurrence  displayed  by  metallic  solutions,  that  from  ex- 
posure to  the  air,  and  sometimes  from  exposure  to  heat, 
they  suffer  a partial  decomposition,  a portion  of  precipi- 
tate being  thrown  down.  The  change  in  this  case  is  ow- 
ing to  the  metal  passing  gradually  to  a higher  state  of  oxi- 
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dation,  and  to  the  affinity  of  the  acid  to  it,  as  this  takes 
place,  becoming  less  powerful ; whence  the  whole  of  the 
oxide  cannot  be  retained  in  solution,  but  a portion  of  it  is 
precipitated,  retaining  a little  of  the  acid  combined  with  it. 

To  this  also  is  to  be  ascribed  the  fact,  that  some  metallic 

✓ 

oxides  in  a high  state  of  oxidation  are  insoluble  in  sulphu- 
ric or  nitrous  acid,  but  are  dissolved  by  sulphurous,  ni trows, 
or  muriatic  acid  ; the  latter  acids  abstracting  a portion  of 
the  oxygen  of  the  oxide,  and,  in  conformity  to  this  law,  al- 
lowing the  more  powerful  affinity  to  be  exerted.  Lastly, 
from  the  same  cause,  orte  metallic  oxide  may  precipitate 
another,  from  its  combination  with  an  acid,  the  action  of 
the  one,  at  a low  state  of  oxidation,  being  more  powerful 
than  that  of  the  other  in  a higher  state  of  obidation. 

When  a metal  combines  at  different  degrees  of  oxidation 
with  an  acid,  are  these  degrees  always  determinate ; or 
may  it  enter  into  these  combinations  in  degrees  of  oxida- 
tion indeterminate,  or  at  all  stages  intermediate  between 
the  minimum  and  maximum?  This  is  an  important,  and  at 
the  same  time  a difficult  question,  in  relation  to  the  subject 
of  metallic  solution.  In  general,  perhaps,  it  may  be  affirm- 
ed, that  in  these  combinations  determinate  degrees  of  oxida- 
tion are  established,  this  being  done  by  the  powerful  af- 
finity of  the  acid  to  the  metal  in  a certain  state  of  oxida- 
tion. But  frequently  it  appears  also,  that  the  degrees  of 
oxidation  are  indeterminate,  or  at  least  are  numerous,  and 
not  easily  obtained  uniform. 

The  different  states  of  oxidation  in  which  a metal  can 
exist  in  combination  with  an  acid,  give  rise  to  a difficulty 
with  regard  to  the  nomenclature  of  these  compounds;  the 
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.name  of  the  genus  of  each  series  being  derived  from  the 
name  of  the  acid,  that  of  the  species  from  the  name  of  the 
metal,  it.  is  difficult  to  convey  by  the  designation,  in  what 
state  of  oxidation  the  metal  exists.  Yet  nothing  frequently 
is  more  important  than  to  do  this,  the  different  salts  formed 
from  the  acid  and  the  same  metal  differing  widely  in  their 
properties  in  different  states  of  oxidation,  and  requiring 
therefore  to  be  carefully  distinguished.  The  method  which 
appears  to  be  most  practicable,  and  least  likely  to  lead  into 
error,  is  to  derive  distinctive  epithets,  attached  to  the  usual 
names,  from  differences  in  the  properties  of  such  salts : we 
thus  speak  of  the  green  and  the  brown  sulphate  of  iron, 
the  mild  and  the  corrosive  muriate  of  mercury.  Any  me- 
thod founded  on  the  supposition  of  determinate  degrees 
of  oxidation  being  established  in  these  compounds,  can  on- 
ly lead  into  error  ; for  were  even  the  supposition  just,  which 
it  probably  is  not,  all  the  possible  degrees  of  oxidation  can- 
not be  presumed  to-be  exactly  known,  and  the  discovery 
of  a new  degree  of  oxidation  in  the  series  of  the  compounds 
of  one  genus  would  require  a change  of  nomenclature 
through  the  whole,  or  at  least  with  regard  to  all  those  at  a 
higher  degree  of  oxidation  •,  and  what  is  worse,  the  names 
which  had  been  appropriated  to  some  would,  in  tin’s 
change,  require  to  be  applied  to  others.  The  method 
which  some  have  employed,  of  prefixing  the  epithet  on/ 
to  the  usual  generic  name,  to  distinguish  the  compound 
of  the  metal  at  the  higher  state  of  oxidation,  can  serve  to 
distinguish  only  two  compounds  of  each  metal  with  one 
acid,  while  the  number  may  be  greater;  and  is  besides  in- 
correct, the  syllable  oxy  being,  in  the  system  of  modern 
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nomenclature,  appropriated  to  distinguish  the  compounds 
of  oxygenated  acids. 

The  metallic  salts,  like  the  other  orders  of  compound 
salts,  may  exist  with  various  proportions  of  their  constitu- 
ent principles.  When  these  arc  united  in  one  proportion, 
the  state  of  neutralization  is  established  ; but  besides  this, 
combinations  may  be  formed  in  which  there  is  an  excess  of 
acid,  or  an  excess  of  oxide.  When  the  base  predomi- 
nates, the  compound  is  usually  insoluble,  and  many  such 
combinations  have  been  even  regarded  as  pure  oxides ; 

when  there  is  an  excess  of  acid,  solubility  is -communicated, 

* * 

and  it  is  difficult  to  cause  the  Compound  to  crystallize. 
These  combinations  appear  to  be  unlimited  with  regard  to 
proportions,  or,  in  all  cases,  the  oxide  and  the  acid  may  be 
united  in  any  relative  quantity  with  regard  to  each  other; 
and  in  these,  as  in  other  cases  of  chemical  union,  determi- 
nate proportions  are  established  only  by  the  operation  of 
cohesion,  or  other  external  forces. 

Metallic  salts  are  in  general  more  susceptible  of  decom- 
position than  the  other  orders  of  compound  salts.  Many 
of  them  are  decomposed  by  the  action  even  of  water,  which 
exerting  a stronger  attraction  to  the  acid  than  to  the  oxide, 
combines  with  the  greater  portion  of  it,  and  hence  subverts 
the  combination,  instead  of  merely  dissolving  it.  In  this 
case  the  usual  participation  of  substances  acting  on  each 
other  takes  place  ; the  acid  dissolved  by  the  water  retains 
a little  ot  the  oxide  combined  with  it ; the  oxide  which  is 
precipitated,  retains  a small  portion  of  the  acid  in  combi- 
nation with  it ; and  the  neutral  metallic  salt  is  thus  resolved 
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into  two  compounds,  one  with  an  excess,  the  other  with 
a deficiency  of  acid. 

The  action  of  an  alkali,  and  likewise  of  any  of  the  so- 
luble earths,  on  these  metallic  combinations  is  similar,  only 
more  energetic.  The  alkali  excfrting  a stronger  attraction 
to  the  acid,  abstracts  a larger  portion  of  it,  but  the  oxide 
in  its  separation  still  retains  a little  of  the  acid  in  combina- 
tion with  it,  and  frequently  the  acid,  in  entering  into 
•union  with  the  alkali,  carries  a small  proportion  of  the 

'v 

oxide  along  with  it.  The  oxide  which  is  precipitated  gene- 
rally retains  less  acid  combined  with  it,  than  when  the 
decomposition  is  effected  by  water,  and  chemists  were 
even  accustomed  to  regard  these  precipitates  as  pure  ox- 
ides ; but,  however  powerful  the  action  of  the  alkali  may 
be,  or  however  large  the  quantity  in  which  it  is  used,  its 
action  is  opposed  more  powerfully,  in  proportion  as  the 
decomposition  proceeds,  by  the  increasing  relative  quanti- 
ty of  oxide  to  the  remaining  acid : hence  the  abstraction 
of  the  acid  is  seldom  complete. 

The  alkali  sometimes,  in  decomposing  those  salts,  re- 
acts on  the  oxide,  and  dissolves  a portion  of  it,  or  when 
added  in  excess,  forms  with  it  and  the  acid  a ternary  com- 
bination. Ammonia  has  in  particular  this  tendency,  and 
sometimes  too  it  has  been  supposed  to  decompose  the 
oxide  partially,  its  hydrogen  attracting  a portion  of  the 
oxygen,  and  thus  reducing  it  more  nearly  to  the  metallic 
state. 

The  metallic  salts,  like  the  other  compound  salts,  are 
liable  to  decomposition,  from  the  different  relations  of  the 
different  acids  to  their  bases.  Thus  maoy  of  the  metal- 
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lie  nitrates  are  decomposed  in  the  humid  way,  by  the  ad- 
dition of  sulphuric,  muriatic,  or  phosphoric  acid  -,  and 
by  the  application  of  heat,  other  similar  decompositions 
are  produced,  the  acid  combined  with  the  oxide  being 
disengaged  by  onothcr  acid  which  takes  its  place.  Similar 
decompositions  may  be  produced  by  double  affinity.  All 
of  these  used  to  be  ascribed  to  the  relative  forces  of  affini- 
ty exerted  by  the  different  acids  to  the  oxides  ; but,  like 
all  similar  decompositions,  they  arise  as  much  from  the  ex- 
ertion of  cohesion,  elasticity,  and  other  external  forces,  by 
which  chemical  attraction  is  modified. 

There  is  one  kind  of  decomposition  peculiar  to  the  me- 
tallic salts,  that  in  which  the  oxygen  is  abstracted  from  the 
oxide,  so  that  it  is  reduced  to  the  metallic  state.  This 
kind  of  decomposition  is  generally  produced  by  one  me- 
tal acting  on  the  solutions  of  another  ; thus  iron  precipi- 
tates copper  from  its  saline  combinations,  and  copper  pre- 
cipitates silver  or  quicksilver. 

It  was  conceived,  that  in  these  cases  the  decompositions- 
arise  merely  from  the  relative  forces  of  affinity  of  the  metals 
to  oxygen  ; the  metal  which  is  precipitated  from  any  of  its 
saline  solutions,  being  supposed  to  have  a weaker  affinity  to 
oxygen  than  the  metal  which  precipitates  it;  the  latter  there- 
fore attracting  the  oxygen  from  the  former,  the  one  becomes 
insoluble,  and  is  separated  in  its  metallic  form,  while  the 
other,  by  its  combination  with  oxygen,  becomes  capable  of 
combining  with  the  acid  w ith  which  the  oxide  of  the  other 
had  been  united,  and  is  dissolved  in  its  place.  The  acid 
is  thus  regarded  merely  as  the  medium  which,  by  commu- 
nicating fluidity,  allows  these  affinities  to  be  es^rted.  This. 
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view  is  probably  partly  just,  yet  there  can  be  no  doubt, 
that  the  actions  exerted  are  more  complicated,  and  that 
both  the  acid,  by  its  affinities  to  the  oxides  of  the  respec- 
tive metals,  modifies  the  results,  and  that  a similar  modi- 
fication is  produced  by  the  affinity  of  the  precipitating  to- 
the  precipitated  metal.  A proof  of  the  influence  of  the 
latter  circumstance  is  derived  from  the  fact,  that  the  metal 
precipitated  has  generally  a small  portion  of  the  other  me- 
tal combined  with  it. 

If  the  precipitation  in  these  decompositions  takes  place 
slowly,  the  metal  assumes  somewhat  of  a crystalline  ar- 
rangement, and  the  accretion  of  new  matter  has  been  ob- 
served to  take  place  from  the  extremities  of  the  filaments 
already  formed,  a phenomenon  which  has  been  considered 
as  galvanic.  Sometimes  the  abstraction  of  oxvtren  is  onlv 
partial,  the  one  metal  attracting  part  of  the  oxygen  from 
the  other,  and  both  oxides  being  precipitated. 

Similar  decomposition's  arc  produced  by  some  inflam- 
mable substances,  as  by  hydrogen,  charcoal,  and  phos- 
phorus, especially  when  their  action  is  favoured  by  the 
chemical  agency  of  light. 

I ho  alkalis  exert  scarcely  any  sensible  action  on  the  me- 
tals in  their  metallic  state ; they  combine,  however,  with  a 
number  of  the  metallic  oxides,  dissolving  them  in  the  hu- 
mid way,  and  by  the  application  of  heat,  forming  com- 
pounds which  are  sometimes  capable  of  being  vitrified. 
In  these  combinations  the  opposite  law  appears  to  be  ob- 
served, from  that  which  regulates  the  combination  of  the 
acids  with  the  metallic  oxides, — the  affinity  exerted  by  the 
alkali  being  more  powerful  to  the  oxide  in  a high  than  in 
a low  state  of  oxidation,  and  these  combinations  being 
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lienee  usually  established  in  the  former  state.  The  solutions 
of  certain  metallic  oxides  in  alkaline  liquors  may  be  decom- 
posed, according  to  Klaproth,  by  the  action  of  another 
metal  attracting  oxygen  from  the  one  which  had  been  dis- 
solved, and  precipitating  it  in  its  metallic  form. 

The  metals  form  no  combination  with  nitrogen.  Hy- 
drogen, even  in  its  elastic  form,  is  capable  of  retaining  a 
small  quantity  of  some  of  them  dissolved. 

Carbon  unites  with  some  of  the  metals,  particularly 
with  iron.  Plumbago  is  a natural,  and  steel  an  artificial 
compound  ot  this  kind.  Carbon  unites  too  with  zinc,  but 
not  in  any  appreciable  quantity,  so  far  as  has  been  ascer- 
tained, with  any  of  the  others. 

Sulphur  combines  with  all  the  metals  by  fusion,  gold 
and  zinc  excepted  •,  its  combination  with  some  of  the  me- 
tals being  attended,  as  has  already  been  remarked,  with  the 
evolution  of  heat  and  light,  or  the  sensible  phenomenon 
of  combustion,  no  doubt  from  a similar  cause  as  that 
which  gives  rise  to  the  same  phenomena  in  the  combina- 
tions of  oxygen  with  combustible  bodies, — a diminution  in 
the  capacity  for  caloric,  and  a change  in  the  chemical  re- 
lation of  the  compound  to  the  light  existing  as  a consti- 
tuent principle  in  one  or  both  of  the  bodies  combined. 
Hie  effect  has  no  connection  with  oxygenation,  for  it  takes 
place  when  the  metal  and  sulphur  are  heated  in  vacuo  ; the 
compound  is  found  to  be  a pure  sulphuret,  and  it  is  not 
promoted  by  the  presence  of  a portion  of  oxygen,  neither 
heat  nor  light  being  evolved,  when  the  metal  is  employed 
in  the  experiment  in  the  state  of  an  oxide. 

The  compounds  of  the  metals  with  sulphur  have  a lustre 
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approaching  to  metallic ; they  are  opaque,  hard,  and 
brittle,  and  generally  more  fusible  than  the  metal  of  which 
they  are  composed.  The  proportions  of  their  constituent 
principles  have  been  supposed  to  be  uniform  and  determi- 
nate 5 but  there  is  more  reason  to  conclude,  that  they  are 
variable  and  indeterminate.  The  attraction  by  which  they 
are  combined,  is  in  general  sufficiently  strong  to  prevent 
the  expulsion  of  the  sulphur  by  heat,  or  at  least  to  render 
it  only  partial ; and  the  decomposition  is  obtained  more 
completely,  only  by  admitting  at  the  same  time  the  opera- 
tion of  the  atmospheric  air,  the  oxygen  of  which,  com- 
bining with  the  sulphur,  converts  it  into  sulphurous  acid, 
which  the  heat  expels.  By  the  mutual  action  of  the  me- 
tal and  sulphur,  their  affinity  to  oxygen  appears  to  be  pro- 
moted ; and  these  sulphurets  are  hence  liable  to  oxygena- 
tion from  exposure  to  water,  or  to  a humid  atmosphere. 

Sulphur  combines  not  only  with  the  riletals,  but  also 
with  their  oxides.  Its  attraction  is,  however,  according 
to  Vauquelin,  vreaker  to  these  than  to  the  metals,  and  it 
becomes  weaker  as  the  degree  of  oxidation  is  greater. 

Sulphuretted  hydrogen  displays  relations  to  the  metals 
somewhat  similar.  Its  action  on  the  metals  is  shewn  by 
the  tarnish  it  immediately  communicates  to  their  surface. 
It  unites  too  with  the  metallic  oxides,  and  from  its  attrac- 
tion to  them,  is  capable  of  decomposing  a number  of  the 
metallic  salts.  The  precipitates  which  it  forms  from  these, 
sometimes  result  from  the  immediate  combination  of  the 
sulphuretted  hydrogen  with  the  oxide  of  the  metallic  salt. 
Not  unfrequcntly  a more  complicated  action  is  exerted  m 
their  formation  ; the  hydrogen  ol  the  sulphuretted  hydfo- 
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gen  attracting  partially,  or  entirely,  the  oxygen  of  the 
metallic  oxide,  while  the  sulphur  combines  with  the  metal, 
thus  reduced  either  to  a low  state  of  oxidation,  or  altoge- 
ther to  the  metallic  state.  As  these  precipitates  are  usual- 
ly of  very  dark  shades  of  colour,  sulphuretted  hydrogen 
is  the  most  delicate  test  of  metallic  matter.  It  is  applied 
sometimes  under  the  form  of  its  watery  solution ; there 
are  some  salts,  however,  particularly  those  to  the  oxides 
of  which,  in  a low  state  of  oxidation,  sulphur  has  no 
strong  attraction,  from  the  acid  of  which  the  sulphuretted 
hydrogen  is  incapable  of  separating  the  oxide ; with  re- 
gard to  these,  the  presence  of  an  alkali  is  necessary  to  sa- 
turate the  acid  to  admit  of  the  formation  of  a precipitate, 
and  hence  the  alkaline  hydro-sulphurets,  or  sulphuretted 
hydro-sylphurets,  are  more  active  tests.  They  not  only- 
serve,  too,  to  discover  the  presence  of  metallic  matter  in 
general,  but  to  detect  the  different  metals  by  the  various 
colours  of  the  precipitates  which  they  form. 

A singular  action,  not  yet  well  understood,  is  exerted 
in  some  metals  by  sulphur  in  combination  with  an  alkali. 

1 he  compound  enters  into  combination  by  fusion  with 
the  metal,  and  even  with  those  metals  with  which*  sulphur 
alone  docs  not  combine,  as  with  gold ; and  what  is  still 
more  singular,  the  metal  is  thus  rendered  soluble  in  water. 

I he  former  effect  appears  to  be  owing  to  the  alkali  pre- 
venting the  volatilization  of  the  sulphur,  and  thus  allowing 
a higher  degree  of  heat  to  be  applied,  to  favour  its  combina- 
tion with  the  metal,  than  can  be  applied  when  the  sulphur 
and  metal  alone  arc  heated ; the  combination,  too,  beino- 
perhaps  favoured  by  the  affinity  which  may  be  exerted  by 
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the  metallic  base  of  the  alkali.  The  second  effect  is  more 
difficult  of  explanation,  nor  is  the  nature  of  the  compound 
obtained  in  solution  in  the  water  well  determined  ; it  is 
uncertain  whether  the  metal  is  oxidated,  and  whether  sul- 
phuretted hydrogen  exists  in  the  combination. 

Phosphorus  has  relations  to  the  metals  similar,  under  a 
general  point  of  view,  to  those  of  sulphur.  1 tom  its  vo- 
latility and  inflammability,  it  cannot  easily  be  directly  com- 
bined with  them,  but  the  combination  can  be  formed  by 
exposing  to  heat  a mixture  of  the  metal  with  phosphoric 
acid  and  charcoal ; the  charcoal  attracting  the  oxygen  of 
the  acid,  and  the  phosphorus,  as  it  is  produced,  combin- 
ing with  the  metal.  The  metallic  phosphurets  have  a de- 
gree of  lustre  approaching  to  metallic  ; they  are  usually 
soft,  and  are  fusible  and  inflammable. 

The  metals  enter  into  combination  with  each  other  by 
fusion.  These  compounds  are  named  Alloys.  They  have 
uniformly  the  general  metallic  properties,  opacity,  lustre, 
density,  &c.  and  generally,  to  a certain  extent,  the  quali- 
ties of  the  respective  metals  of  which  they  are  composed, 
though  these  are  also  liable  to  be  modified  by  the  combina- 
tion. The  compounds  with  quicksilver  are  soft,  or  fluid, 
according  to  the  proportions ; they  are  named  Amalgams. 
Some  ofthese  alloys  tire  valuable  from  their  peculiar  qua- 
lities. 

These  combinations  arc  not  unlimited,  either  with  regard 
to  the  metals  which  combine,  or  the  proportions  in  which 
the  combination  is  established.  Some  metals  combine  with 
great  facility  ; others  do  not  unite,  as  iron  and  lea  , or 
iron  and  quicksilver.  Frequently  three  or  more  metals 
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can  be  brought  into  one  combination.  The  facility  of 
combining  appears  to  be  in  some  measure  regulated  by  an 
agreement  in  fusibility  and  specific  gravity,  so  that  when 
the  mutual  affinity  is  weak,  a considerable  difference  be- 
tween two  metals  in  these  properties  will  prevent  their 
combination.  The  same  properties,  and  particularly  the 
specific  gravity,  regulate  to  a certain  extent  the  propor- 
tions in  which  they  combine.  These,  in  conformity  to  the 
law  \vhich  chemical  attraction  observes,  would  be  unlimit- 
ed, and  in  the  greater  number  of  these  combinations  they 
actually  arc  so.  But  in  some  cases  they  appear  to  be  de- 
terminate, and  the  influence  of  the  specific  gravity  in  giv- 
ing rise  to  this,  is  well  exemplified  in  a fact  sufficiently 
established,  that  in  a mass  of  metallic  alloy  formed  by  fu- 
sion, and  allowed  to  cool  slowly,  the  upper  and  under 
parts  of  the  mass  are  composed  of  the  respective  metals 
which  form  it  in  different  proportions,  the  under  part  con- 
taining more  of  the  heavier  metal,  while  the  lighter  pre- 
dominates in  the  portion  above.  The  combination  of  metals 
is  usually  attended  with  a degree  of  condensation,  though 
in  some  cases  the  reverse  happens,  there  being  an  em- 
largement  of  volume,  probably  from  the  crystalline  ar- 
rangement which  the  particles  of  the  compound  mass  as- 
sume. 

Ihe  arts  of  gilding,  silvering,  and  tinning,  and  the 
operation  of  soldering,  depend  on  the  mutual  affinities 
which  metals  exert. 

Ihe  metals  form  no  combinations  with  the  earths.  The 
netallic  oxides  and  the  earths,  however,  frequently  com 
"ne  by  fusion,  and  form  in  general  coloured  glasses. 


30 


Or  METALS,  &C. 

The  metals  are  found  in  nature,  either  native,  that  is, 
in  the  metallic  form,  or  mineralized,  that  is,  combined 
with  some  other  substance,  by  which  the  metallic  proper- 
ties are  so  far  disguised.  They  are  then,  too,  said  to  ex- 
ist in  the  state  of  Ore.  The  substances  with  which  they 
are  most  frequently  combined,  are  sulphur,  oxygen,  and 
various  acids,  particularly  the  carbonic,  sulphuric,  muria- 
tic, and  phosphoric.  These  ores  occur  frequently  crys- 
tallized, sometimes  massive  ; they  form,  in  a few  cases,  en- 
tire beds  •,  more  usually  they  are  distributed  in  mineral 
veins,  and  are  associated  in  these  with  various  earthy  fos- 
sils, particularly  quartz,  calcareous  spar,  sulphate  of  ba- 
rytes, and  fluor  spar.  When  removed  from  their  original 
repository,  and  freed,  by  pounding  and  washing,  from  the 
stony  matter  intermixed,  with  them,  they  are  subjected  to 
calcination,  fusion  in  contact  with  the  fuel,  and  othe* 
operations  variously  adapted  to  particular  ores,  by  which 
the  foreign  substances  are  separated,  and  the  metal  is  re- 
duced, and  obtained  sufficiently  pure. 

The  class  of  metals  has  been  subdivided  into  orders  un- 
der which  the  individual  metals  have  been  arranged.  There 
is  no  advantage  in  such  subdivisions,  which  are  all  either 
inconvenient  or  imperfectly  defined,  and  the  different  me- 
tals may  be  considered  in  that  order  in  which  the  transi- 
tions are  most  easy,  so  as  to  admit  of  those  being  associat- 
ed which  are  most  strictly  connected.  Those  of  recent 
discovery,  and  which  are  imperfectly  investigated,  may 
be  placed  together,  and  considered  after  the  others ; and 
with  regard  to  some  of  these  the  suspicion  is  probably  veil 
founded,  that  they  are  undiscovered  alloys  of  known  metals,. 
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OF  GOLD. 

Cold  bus  always  been  placed  at  the  head  of  the  class  of 
metals,  and  esteemed  of  the  greatest  value ; a superiority 
winch  it  derives  from  the  richness  of  its  colour  and  lustre, 
winch  are  not  altered  or  tarnished  by  exposure  to  air  or 
humidity,  from  its  high  ductility  and  malleability,  and  its 
indestructibility  by  many  of  the  operations  by  which  the 
other  metals  are  disguised  or  changed.  It  is  found  in  na-‘ 
ture  usually  native,  and  nearly  pure;  sometimes  also,  how- 
ever, in  combination  with  other  metals,  under  the  form 
of  alloys,  in  which  its  more  characteristic  properties  are 
nearly  concealed.  Gold  has  been  supposed  to  exist,  too, 
in  the  vegetable  kingdom,  a minute  quantity  of  it,  accord- 
ing to  the  experiments  of  Rouelle  and  others,  being  ca- 
pable of  being  extracted  from  the  ashes  of  plants. 

Native  gold,  when  loosely  interspersed  or  diffused,  is  in 
a great  measure  freed  from  the  foreign  substances  with 
which  it  is  mixed,  by  placing  it  in  a stream  of  water, 
on  an  inclined  plane.  I he  metallic  residuum  is  triturated 
with  quicksilver,  until  all  the  particles  of  gold  are  dissolv- 
ed . the  mercury  is  distilled  oil,  the  distillation  being  per- 
brmed  in  iron  retorts,  and  the  gold  remains,  and  is  fused 
When  it  is  contained  in  other  ores,  the  ore  is  roasted,  to 
*pel  the  volatile  principles,  and  oxidate  other  metal. 
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that  may  be  present,  and  the  remaining  gold  is  extracted 
by  amalgamation  with  quicksilver,  or  fusion  with  lead.  It 
still,  as  obtained  by  any  of  these  methods,  requires  to  be 
farther  purified.  This  is  done  by  the  process  termed  Cu- 
pellation,  which  consists  in  combining  the  gold  with  a 
quantity  of  lead,  and  exposing  the  alloy  to  a melting  beat 
in  a vessel  termed  a Cupel,  formed  of  bone  ashes,  and 
extremely  porous,  or  in  the  large  way,  on  the  hearth  of 
the  refining  furnace.  The  lead  is  extremely  susceptible  of 
oxidation,  and  at  the  same  time  it  promotes  the  oxidation 
of  other  metals,  and  vitrifies  with  their  oxides.  They  are 
thus  removed ; the  vitrified  matter  is  absorbed  by  the  ves- 
sel, or  is  driven  off  by  the  blast  of  bellows  as  .it  collects  on 
thl  surface,  and  the  gold  at  length  remains  nearly  pure. 
It  can  contain  only  silver,  which  is  separated  by  the  sol- 
vent power  of  nitric  acid,  forming  the  operation  termed 

Quartation,  or  Parting. 

Gold,  when  pure,  is  of  a rich  yellow  colour,  and  its 
lustre  is  not  impaired  by  exposure  to  air  or  moisture  ; its 
specific  gravity  is  from  19.2  to  19.36  ; it  exceeds  therefore 
in  density  every  metai,  platina  excepted;  its  haulness  is 
not  considerable,  but  its  tenacity,  under  the  forms  both  of 
ductility  and  malleability,  is  extremely  great:  it  can  be 
drawn  into  very  fine  wire,  and  in  malleability  it  is  superior 
to  every  other  metal ; one  grain  of  it  may  be  made  to  cover 
a space  of  56  square  inches,  and  in  the  gilding  of  silver 
wire,  it  has  been  calculated  to  be  extended  12  times  more 
than  this. 

Gold  melts  at  32  of  Wcdgewood’s  thermometer,  ant  y 
an  intense  heat,  as  that  of  a powerful  burning  minor, 
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volatilized  unchanged.  It  was  usually  supposed  to  be  in- 
capable of  oxidation  from  atmospheric  air  or  oxygen  gas, 
at  any  temperature,  as  it  had  often  been  exposed  to  long- 
continued  intense  heats,  with  the  admission  of  the  air, 
without  suffering  any  apparent  change.  It  is  now,  how- 
ever, sufficiently  established,  that  a very  intense  heat  sud- 
denly and  momentarily  applied  causes  its  oxidation.'  This 
effect  is  produced  by  an  electric  discharge  transmitted 
over  gold  leaf  inclosed  between  plates  of  glass,  or  through 
a fine  gold  wire  inclosed  in  a glass  tube  with  atmospheric 
air ; gold  can  even  be  made  to  burn  by  powerful  electric 
sparks ; it  exhibits  a vivid  combustion  in  the  galvanic  cir- 
cuit ; it  burns  in  the  flame  of  an  united  stream  of  0x3-0011 
and  hydrogen,  and  is  even  partially  oxidated  in  the  focus 
of  a powerful  burning  mirror.  Lastly,  it  suffers  the  same 
change  to  a certain  extent  by  being  heated  with  nitre,  as 
has  been  established  by  the  experiments  of  Mr  Tennant, 
contrary  to  an  opinion  which  had  been  generally  received, 
that  it  suffers  no  change  from  the  action  of  nitre.  The 
oxide  of  gold  is  of  a purple  colour  ; it  is  supposed  to  be 
at  the  minimum  of  oxidation,  and  to  contain  not  more  than 
5 or  6 parts  of  oxygen  in  100.  A yellow  oxide  is  obtained 
from  some  of  its  saline  combinations,  supposed  to  contain 
in  the  same  quantity  ten  of  ox3'gcn.  Both  these  oxides  are 
decomposed,  and  metallic  gold  obtained  by  a heat  equal  to 
that  which  is  necessary  to  its  fusion. 

Gold  is  scarcely  acted  on  by  any  of  the  acids.  Even  the 
nitric  acid,  which  imparts  oxygen  so  readily  to  the  other 
metals,  has  scarcely  any  sensible  effect  upon  it,  and  it  is 
only  when  the  acid  is  surcharged  with  nitric  oxide,  and 
Vol.  II.  C 
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boiletl  on  die  gold,  that  a very  minute  quantity  is  dissolve 
ed.  Oxymuriatic  acid,  yielding  oxygen  more  readily,  dis- 
solves it  with  more  facility ; but  nitro-nfuriatic  acid  is  its 
proper  solvent.  An  acid,  composed  of  two  parts  of  nitric 
and  one  of  muriatic  acid,  dissolves  it  rapidly ; and  even 
with  a much  smaller  proportion  of  nitric  acid  the  solvent 
power  is  exerted.  The  power  of  tliis  compound  acid  ap- 
pears to  depend,  not  on  its  containing  a portion  of  oxy- 
muriatic acid,  as  has  been  supposed,  for  its  solvent  effect 
much  exceeds  that  of  the  latter  acid  even  in  its  pure  state, 
but  on  the  muriatic  acid,  by  a resulting  affinity,  enabling 
the  gold  to  decompose  the  nitric  acid,  and  receive  oxygen 
from  it ; the  effect  being  analogous  to  that  of  muriatic  or 
sulphuric  acid  dissolving  a metal  by  enabling  it  to  decom- 
pose water. 

The  solution  of  gold  in  nffro-muriatic  acid,  when  con- 
centrated, is  of  a rich  yellow  colour ; it  contains  always  an 
excess  of  acid,  but  by  evaporation  a salt  is  obtained,  ap- 
proaching to-  the  neutral  state,  in  small  pyramidal  crystals 
of  the  same  colour.  This  salt  is  the  muriate  of  gold  ; the 
nitric  acid  of  the  nitro-muriatic  acid  being  either  decom- 
posed during  the  solution,  or  volatilized  in  the  evapora- 
tion ; it  is  deliquescent,  is  easily  soluble  in  water,  and  like- 
wise in  alkohol  and  ether ; it  is  decomposed  by  heat,  and 

by  light. 

The  other  salts  of  gold  have  scarcely  been  examined. ; 
they  maybe  formed  by  adding  the  gold  previously  oxidated 
to  the  acid  with  which  it  is  designed  to  be  combined,  d he 
nitrate  and  sulphate  do  not  crystallize  ; the  phosphate  melts 
into  a glass  of  a rich  red  colour. 
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ihe  solution  of  gold  in  nitro-muriatic  acid  is  decompo- 
sed by  the  alkalis.  Potash  and  soda  throw  down  a preci- 
pitate of  a yellow  colour,  probably  a sub-muriate  j by  an 
excess  ol  alkali  it  is  in  part  re-dissolved.  Ammonia  exerts 
a more,  peculiar  action ; it  forms  a precipitate,  which,  if 
an  excess  Ot  alkali  were  added,  would  be  re-dissolved.  This 
precipitate  is  highly  fulminating,  and  has  been  known  by 
the  name  of  Aurum  fulminans , fulminating  or  detonating 
gold.  When  dry,  it  explodes  from  the  application  of  a 
heat  not  higner  than  300°,  or  from  friction  or  percussion ; 
and  as  a very  slight  degree  of  friction  causes  it  to  detonate, 
it  is  necessary  to  make  experiments  on  it  with  caution ; the 
explosion  is  accompanied  with  an  acute  report,  and  a flash 
of  light  visible  in  the  dark,  and  with  a considerable  exer- 
tion of  expansive  force.  It  has  been  ascertained  by  expe- 
riments made  with  caution  on  small  quantities  of  it,  that 
m its  detonation  nitrogen  gas  is  disengaged  with  watery 
vapour,  metallic  gold  intermixed  with  the  purple  oxide  re- 
maining , if  heated  very  gently,  so  as  to  decompose  it  with- 
out detonation,  ammonia  is  exhaled  ; the  precipitate,  there- 
fore, is  a compound  of  ammonia  and  oxide  of  gold,  and  its 
detonation  is  owing  to  the  re-action  of  the  elements  of 
these,  the  oxygen  of  the  oxide  combining  with  the  hydro- 
gen of  the  ammonia,  and  forming  watery  vapour,  the  ni- 
tiogen  of  the  ammonia  escaping  from  the  combination,  and 
tiic  elasticity  of  both  being  augmented  by  the  extrication 
of  calor ic  uhic  h probably  attends  these  new  combinations. 

Gold  having  a weak  affinity  to  oxygen,  its  saline  com- 
pounds are  easily  decomposed  by  substances  which  de-oxi- 
'latc  their  base.  Thus  the  muriate  of  gold  is  reduced  bv 
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exposure  to  light,  and  by  the  agency  of  hydrogen,  char- 
coal, and  other  inflammables.  It  is  also  decomposed  par- 
tially or  entirely  by  other  metals  ; zinc,  iron,  and  copper, 
throw  down  the  gold  in  its  metallic  state  ; others  precipi- 
tate it  in  the  state  of  the  purple  oxide.  Even  some  metal- 
lic salts,  prepared  so  as  to  be  at  the  minimum  of  oxidation, 
occasion  similar  decompositions.  A solution  of  green  sul- 
phate of  iron  reduces  the  gold  entirely  to  the  metallic  state, 
from  its  power  of  attracting  oxygen,  A solution  of  tin  in 
nitro-muriatic  acid,  prepared  so  as  to  be  in  a low  state  of 
oxidation,  throws  down  a purple  precipitate  : this  is  a com- 
pound of  t|ie  oxides  of  the  two  metals,  the  oxide  of  tin  at- 
tracting a portion  of  oxygen  from  the  oxide  of  gold  ; both 
by  this  change  in  the  state  of  oxidation  become  insoluble 
in  the  acid  in  which  each  was  dissolved  and  exerting  at 
the  same  time  a mutual  affinity,  they  are  precipitated  in 
combination.  This  precipitate  has  been  long  used,  under 
the  name  of  Purple  Powder  of  Cassius,  to  give  a red  co- 
lour to  ornamental  glass. 

Another  decomposition  rather  singular  which  muriate  of 
gold  suffers,  is  that  from  the  action  oi  essential  oils,  alco- 
hol, or  ether.  If  a portion  of  essential  oil  be  mixed  with 
its  solution,  the  watery  portion  is  separated,  the  muriate 
of  gold  combines  with  the  oil,  and  this  combination  can 
be  dissolved  in  alkohol,  forming  a preparation  known  by 
the  name  of  Potable  Gold,  which,  from  its  comparative 
mildness,  has  sometimes  been  taken  internally,  when  gold 
was  supposed  to  possess  medicinal  powers.  Fiom  these 
solutions  the  gold  is  gradually  precipitated  in  its  metallic 
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state,  the  oxygen  of  the  oxide  being  attracted  by  the  hy- 
drogen of  the  essential  oil. 

Gold  does  not  combine  with  sulphur  by  fusion,  but  if 
melted  with  an  alkaline  sulphur et^  as  sulphuret  of  potash, 
a combination  is  formed,  as  has  already  been  remarked, 
which  is  soluble  in  water.  This  solution  is  decomposed  by 
acids,  and  the  gold  is  precipitated,  whether  in  a metallic 
or  oxidated  state  is  uncertain,  in  combination  with  sul- 
phur. The  alkaline  liydro-sulphurets  also  throw  down  a 
precipitate  from  the  solution  of  muriate  of  gold. 

Gold  unites  with  a small  portion  of  phosphorus,  the 
compound  is  white  and  brittle,  is  fusible,  and  easily  de- 
composed by  heat. 

With  the  greater  number  of  the  metals  it  forms  alloys ; 
those  of  them  which  are  of  any  importance  will  be  noticed 
undei  the  history  of  the  metals  from  which  they  are  form- 
ed. In  general,  in  these  combinations,  either  its  ductility 
or  colour  is  much  impaired.  Copper  and  silver  are  those 
which  change  it  least,  and  as  copper  renders  it  harder, 
this  alloy  is  used  lor  many  of  the  purposes  to  which  gold  is 
applied,  such  as  the  fabrication  of  coin  and  ornamental 
vessels  or  trinkets.  '1  he  standard  gold  of  this  country  has 
an  alloy  of  copper  of  one  part  in  twelve.  Lead,  bismuth, 
and  antimony,  even  in  very  minute  quantity,  render  gold 
quite  brittle,  so  that  even  the  vapour  rising  from  these  me- 
tals in  fusion,  coming  in  contact  with  melted  gold,  has  this 
effect.  Quicksilver  too  renders  it  brittle,  penetrates  it  ra- 
pidly, and  when  in  sufficient  quantity,  dissolves  it. 

Gold,  as  the  most  valuable  of  the  metals,  is  employed  as 
the  medium  of  exchange,  which  regulates  the  value  of  the 
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others.  It  is  used  for  many  ornamental  purposes  under 
different  forms.  There  are  various  modes,  too,  of  cover- 
ing the  surfaces  of  bodies  with  it  for  similar  purposes.  The 
gilding  of  metals  is  performed  in  the  most  substantial  mode, 
by  applying  an  amalgam  of  gold  and  silver  to  the  metal 
designed  to  be  gilt,  generally  silver  or  copper,  its  surface 
being  previously  cleaned  and  brushed  over  with  a dilute  so- 
lution of  quicksilver  in  nitric  acid,  so  that  a thin  film  of 
quicksilver  shall  be  deposited  on  it,  which  favours  the  ad- 
herence and  union  of  the  amalgam.  The  quicksilver  is 
volatilized  by  the  application  of  a slow  and  equable  heat, 
and  the  gold  remains  covering  the  surface.  Other  kinds 
of  gilding  on  metals  less  substantial,  are  executed  by  rub- 
bing the  gold  in  a state  of  extreme  mechanical  division, 
on  the  surface  of  the  metal  heated,  or  by  applying  a solu- 
tion of  muriate  of  gold.  Steel  is  gilt  by  dipping  it  in 
a solution  of  muriate  of  gold  in  ether.  Gold  leaf  is 
applied  to  wood,  paper,  &c.  by  an  adhesive  paste:  and 
glass  and  porcelain  are  gilded  by  applying  gold  by  the 
medium  of  borax,  which  vitrifies  with  a moderate  heat. 


CHAP.  II. 

OF  SILVER. 

Silver  is  a metal,  which,  like  gold,  is  rendered  valuable 
by  its  colour  and  lustre,  its  great  ductility  and  malleability, 
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and  not  'being  liable  to  oxidation  from  exposure  to  the 
air.  It  is  liable,  however,  to  tarnish,  by  which  the  beau- 
ty of  its  colour  and  its  lustre  arc  diminished,  a change, 
owing  to  the  operation  of  minute  quantities  of  sulphuret- 
ted hydrogen,  diffused  through  the  atmosphere  from  ani- 
mal effluvia.  Its  comparative  scarcity  has  added  to  its 
value,  and  rendered  it  the  medium  of  exchange  next  in 
value  to  gold. 

Silver  is  found  native  and  mineralized  : the  substances 
■by  which  it  is  usually  mineralized,  are  oxygen,  sulphur, 
muriatic  and  sulphuric  acids,  forming,  in  various  states 
of  combination  and  mixture,  a number  of  ores.  Native 
silver  is  extracted  from  the  earthy  matter  mixed  with  it 
by  washing  and  amalgamation,  the  quicksilver  with  which 
it  has  been  amalgamated  being  abstracted  by  distillation. 
Its  ores  are  subjected  to  various  processes,  principally 
roasting,  and  fusion  in  contact  with  the  fuel.  The  metal- 
lic matter  obtained  is  afterwards  melted  with  lead,  and  re- 
fined by  the  process  of  cupelfation,  as  has  been  described 
under  the  history  of  gold. 

Silver  has  a colour  approaching  more  nearly  to  pure 
white  than  any  other  metal;  its  lustre  is  considerable, 
and  it  is  peculiarly  sonorous,  and  gives,  when  struck, 
a very  clear  sound.  In  malleability  it  is  inferior  only  to 
gold  ; iii  ductility  it  is  equal  or  nearly  so  to  that  metal : it 
is  harder  and  more  elastic  -titan  gold ; its  specific  gravity 
is  10.5. 

Silver  melts  at  22*  of  Wedgwood’s  scale  ; by  slow  cool- 
ing it  can  be  crystallized  in  octaedrons  : it  expands  cons*- 
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derably  in  becoming  solid.  By  a very  powerful  heat,  it  is 
volatilized. 

Silver,  as  well  as  gold,  was  supposed  to  suffer  no  change 
from  the  action  of  atmospheric  air  at  a high  temperature. 
The  practicability  of  it's  oxidation,  however,  has  been 
sufficiently  established.  An  electric  discharge  transmitted 
over  silver  leaf,  or  silver  wire,  by  the  high  temperature  it 
suddenly  excites,  gives  rise  to  the  formation  of  vitrified 
oxide ; in  the  circuit  of  a powerful  galvanic  battery,  silver 
leaf  burns  with  great  splendour ; and  its  oxidation  with 
the  phenomena  of  combustion  is  effected,  by  subjecting  it 
to  the  intense  heat  excited  by  a stream  of  oxygen  gas,  di- 
rected on  burning  charcoal,  or  mingled  with  hydrogen  gas 
kindled  ; an  oxide  of  a dark  colour  is  obtained  by  these 
processes.  Another  of  A lighter  colour  is  obtained  by  pre- 
cipitation from  its  solution  in  nitric  acid,  which,  it  has 
been  stated,  contains  10  parts  of  oxygen  in  100  parts. 
These  oxides  are  reduced  by  the  operation  of  an  elevated 
temperature,  and  the  silver  is  obtained  in  its  metallic  form. 

Silver  is  oxidated  by  several  of  the  acids,  which  at  the 
same  time  oombine  with  its  oxide.  Nitric  acid  is  its  pro- 
per solvent ; but  in  effecting  its  solution,  the  singular  phe- 
nomenon is  displayed  which  the  same  add  exhibits  with 
regard  to  some  other  metals,  and  of  which  no  satisfactory 
explanation  has  been  yet  given, — that  when  concentrated  it 
has  no  sensible  effect  on  the  metal,  while  the  addition  of  a 
very  small  quantity  of  water  causes  the  action  instantly  to 
commence,  whence  the  oxidation  and  solution  of  the  me- 
tal proceed.  The  solution  of  silver  in  diluted  nitric  acid 
has  at  first  a greenish  colour  •,  but  if  the  silver  has  been 
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piu-e,  and  in  particular  free  from  copper,  this  arising 
merely  from  the  presence  of  a little  nitric  oxide,  soon  dis- 
appears, and  the  solution  becomes  colourless.  By  evapo- 
ration, it  affords  white  tabular  crystals,  which  consist  of 
64  of  oxide  of  silver,  22  of  acid,  and  14  of' water.  This 
salt  is  abundantly  soluble  in  water  •,  it  acts  as  a caustic  very 
rapidly  on  animal  matter,  and  fused  and  run  into  cylin- 
drical moulds,  it  forms  the  lunar  caustic  of  surgeons, 
which  is  in  common  use  as  an  escharotic,  powerful  in  its 
action,  and  easily  applied  and  regulated.  It  is  partially 
decomposed  by  heat,  and  likewise  by  light ; it  detonates 
when  heated  with  combustible  bodies,  and  with  some  of 
them,  as  phosphorus,  it  detonates  cn  percussion. 

The  other  salts  of  silver  are  obtained  most  easily  by 
adding  to  the  solution  of  nitrate  of  silver  a solution  of  a 
neutral  salt,  containing  the  acid  with  which  the  oxide  of 
silver  is  designed  to  be  combined.  Thus  the  sulphate  is 
formed  by  adding  to  the  solution  of  nitrate  of  silver,  a 
solution  of  sulphate  of  potash  or  soda.  It  is  also  formed 
by  boiling  the  sulphuric  acid  on  silver,  the  acid  bein«- 
decomposed  at  this  temperature,  communicating  oxvo-en 
to  it,  and  combining  with  the  oxide.  The  sulphate  of 
silver  is  very  sparingly  soluble  in  water  ; by  boiling  water 
upon  it,  a minute  quantity  is  dissolved,  and  slender  crys- 
tals are  obtained  by  cooling. 

Muriate  of  silver  can  scarcely  be  obtained  from  any 
action  ol  muriatic  acid  on  metallic  silver,  but  it  is  instant- 
ly formed  on  the  addition  of  the  solution  of  any  muriate 
to  the  solution  ol  nitrate  of  silver,  and  being  insoluble,  is 
precipitated.  From  the  extreme  insolubility  of  this  salt, 
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it  is  the  re-agent  of  greatest  delicacy  in  detecting  the 
presence  of  muriatic  acid.  It  affords  also  the  most  deli- 
cate test  of  the  chemical  agency  of  light,  being  blackened 
by  exposure  for  a few  minutes  to  the  rays  of  the  sun.  It 
is  very  fusible,  melting  on  the  application  of  a moderate 
beat  in  a glass  matrass  ; on  becoming  solid  from  cooling, 
it  retains  a degree  of  transparency,  is  of  a pearly  colour, 
is  soft,  and  to  a certain  extent  malleable  and  fusible ; 
whence,  from  its  resemblance  in  these  properties  to  horn, 
it  received  from  the  older  chemists  the  name  of  Luna 
Cornea,  or  Horn  Silver.  By  exposing  it  to  a strong  heat, 
it  is  decomposed  ; both  the  acid  and  oxygen  are  expelled, 
and  the  silver  is  recovered  in  its  metallic  form.  The  re- 
duction is  favoured  by  the  presence  of  q,  small  portion  of 
alkali ; one  part  of  the  sub-carbonate  of  potash  is  added 
to  four  parts  of  the  muriate,  the  mixture  being  exposed 
to  a red  heat  in  a crucible,  or  rather  in  a phial  with- 
in a crucible,  surrounded  with  sand  ; and  this  affords  the 
best  process  for  obtaining  pure  silver. 

Oxymuriatic  acid  acting  on  silver,  communicates  to 
it  oxygen,  the  muriatic  acid  uniting  with  the  oxide  so 
as  to  form  merely  tire  common  muriate.  A hyper-oxy- 
muriate  of  silver  can  be  formed,  however,  by  transmitting 
a current  of  oxymuriatic  acid  gas  through  water  in  which 
oxide  of  silver  is  diffused.  This  salt  is  abundantly  soluble 
in  water,  and  crystallizes  in  rhombs ; it  is  also  soluble  in  al- 
kohol.  It  is  melted  and  decomposed  by  heat.  It  detonates 
by  percussion  with  inflammable  bodies. 

Phosphate  of  silver  is  insoluble  in  water,  and  is  hence 
precipitated  copiously  when  a solution  of  plwsphate  pi 
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soda  is  added  to  a solution  of  nitrate  of  silver.  Carbonate 
of  silver,  obtained  by  the  addition  of  an  alkaline  carbo- 
nate in  a similar  manner,  is  likewise  sparingly  soluble  ; as 
arc  the  fluate  and  borate  of  silver.  The  carbonate  is  black- 
ened by  light,  and  is  decomposed  by  heat,  affording  me- 
tallic silver. 

The  salts  of  silver  are  decomposed  by  the  alkalis  and 
earths.  From  nitrate  of  silver,  potash  throws  down  a 
yellowish  precipitate,  probably  a sub-nitrate  ; and  the  ac- 
tion of  soda  and  lime  is  similar.  The  precipitate  from  the 
addition  of  ammonia  is  grey  or  black,  but  it  has  not,  like 
the  precipitate  from  the  solution  of  gold  by  ammonia,  any 
detonating  powei . 

A f ulminating  silver  can  be  prepared,  however,  which 
far  exceeds  the  fulminating  gold,  or  indeed  any  other 
fulminating  preparation,  in  power.  The  process  was  given 
by  Berthollet  •,  it  consists  in  dissolving  silver  in  nitrous  acid, 
diluted  with  three  parts  of  water;  to  the  solution,  pour- 
ed off  from  any  undissolved  matter,  lime-water  is  added 
as  long  as  any  precipitation  is  occasioned,  avoiding  anv 
excess  of  it;  the  precipitate  is  washed  with  distilled  water, 
and  dried  by  exposure  to  the  air.  This  precipitate  is  stir- 
red ii.  liquid  ammonia;  the  liquor  is  poured  from  the  in- 
soluble matter ; on  exposure  to  the  air,  a pellicle  forms  on 
its  surface  which  at  length  subsides.  This  is  the  fulminat- 
ing silver ; such  is  its  tendency  to  explosion,  that  it  can- 
not be  touched,  the  slightest  impulse  or  agitation  causing 
it  to  detonate ; and  so  violent  is  the  detonation,  that  the 
experiment  cannot  be  made  with  safety  on  a quantity  larg- 
er than  a gitun.  The  theory  of  its  detonation  is  consider- 
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ed  as  similar  to  that  of  fulminating  gold  : it  probably  con- 
sists of  oxide  of  silver  and  ammonia,  the  whole  elements 
being  united  by  affinities  so  nicely  balanced,  that  the  slight- 
est external  force  subverts  them,  and  causes  new  combina- 
tions : the  oxygen  of  the  oxide  unites  probably  with  the 
hydrogen  of  the  ammonia,  and  forms  watery  vapour : the 
nitrogen  must  at  the  same  time  assume  the  elastic  form, 
and  the  augmentation  of  elasticity  in  these  products,  by 
the  caloric  suddenly  extricated,  may  be  the  cause  of  the 
violence  of  the  detonation.  The  superiority  of  this  pre- 
paration in  detonating  power  to  fulminating  gold,  may  be 
owing  to  the  oxide  of  silver  containing  a larger  proportion 
of  oxygen,  and  combining  with  a larger  quantity  of  am- 
monia, so  that  there  are  condensed  in  the  fulminating 
silver,  a larger  quantity  of  the  elements  disposed  to  enter 
into  the  combinations  whence  these  elastic  products  are 
evolved. 

Another  fulminating  silver  is  prepared  by  a process  si- 
milar to  one  by  which  a fulminating  quicksilver  is  prepared, 
to  be  afterwards  described  ; but  it  is  considerably'  inferior 
in  detonating  power. 

The  salts  of  silver  arc  decomposed  by  inflammable  sub- 
stances, and  by  the  greater  number  of  the  metals,  the  oxy- 
gen being  attracted  from  the  oxide,  which  is  their  base,  and 
the  silver  precipitated  in  the  metallic  form.  Among  the 
metals,  copper  and  quicksilver  produces  this  precipitation 
with  great  facility,  probably  from  the  mutual  affinity  ex- 
erted between  the  precipitating  and  the  precipitated  metal. 
Copper  is  thus  employed  to  recover  silver  from  its  solution 
in  nitric  acid,  as  a mode  ©f  obtaining  it  free  horn  othci 
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metals,  the  small  quantity  of  copper  with  which  the  preci- 
pitated silver  maybe  alloyed,  being  removed  by  cupcllation. 
Quicksilver  employed  in  a peculiar  manner  in  the  precipita- 
tion of  silver,  causes  its  crystalline  arrangement,  similar  in 
appearance  to  arborescence,  hence  forming  what  has  been 
named  Arbor  Diannse.  The  simplestmode  is  to  dissolve  along 
with  the  silver  half  its  weight  of  quicksilver  in  nitric  acid, 
and  to  drop  into  this  solution,  diluted  with  forty-eight  times 
its  weight  of  water,  a small  piece  of  a soft  amalgam  of  silver ; 
filaments  of  reduced  silver  soon  shoot  out  from  the  amal- 
gam. 

Silver  combines  by  fusion  with  sulphur,  forming  a com- 
pound ol  a very  dark  violet  colour,  with  a certain  degree 
of  metallic  lustre,  opaque,  soft,  and  brittle.  Sulphuretted 
hydrogen  tarnishes  silver  very  rapidly,  and  from  its  conti- 
nued action,  thin  scales  of  sulphuret  of  silver  are  formed. 
A precipitate  probably  of  a similar  nature  is  thrown  down 
from  the  salts  of  silver,  by  the  hydro-sulphuretted  alkaline 
solutions.  The  alkaline  sulphurcts,  fused  with  silver,  form 
a compound  soluble  in  water,  from  which  the  acids  preci- 
pitate sulphuret  of  silver. 

Silver  and  phosphorus  maybe  combined  by  the  general 
piocoss  which  has  been  already  described,  as  affordinn  the 
easiest  mode  of  uniting  phosphorus  with  the  metals.  This 
phosjphuret  is  white,  ol  a granular  structure,  soft  and 
brittle. 

Silver  unites  with  the  greater  number  of  the  metals,  suf-  ' 
fering  in  general  a diminution  in  its  ductility  and  malleabi- 
lity, but  acquiring  frequently  a greater  degree  of  hardness. 
It  unites  with  gold  without  any  loss  of  ductility,  while  it 
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eommunicates  to  the  gold  hardness  and  elasticity  ; when 
in  a large  proportion,  however,  it  debases  its  colour. 
When  the  silver  amounts  to  one-fifth  of  the  mass,  the  co- 
lour is  green,  and  this  alloy  is  used  for  ornamental  pur- 
poses. The  alloy  of  gold  and  silver  being  more  fusible  too 
than  gold,  is  employed  in  soldering  this  metal.  Copper  add- 
ed in  small  proportion  to  silver,  renders  it  harder  without 
much  impairing  its  ductility,  and  hence  this  addition  is 
usually  made  when  it  is  to  be  fabricated  into  coin  or  plate. 
The  standard  silver  of  this  country  contains  one-sixteenth 
of  copper. 

Silver  is  used  as  the  medium  of  -exchange  next  in  value 
to  gold,  and  is  applied  to  ornamental  purposes,  to  which 
it  is  well  adapted  by  its  lustre,  and  the  purity  and  beauty 
of  its  colour.  It  is  applied  to  the  surface  of  other  metals 
in  various  modes.  The  most  substantial  plating  is  a me- 
chanical operation ; a thin  plate  of  silver  being  applied  to  a 
bar  of  copper,  with  a little  borax  between  them  to  facili- 
tate their  union,  when  a sufficient  heat  is  applied ; the  bar 
is  afterwards  passed  through  the  rolling  press  ; it  is  extend- 
ed, and  the  silver,  from  its  greater  malleability,  is  likewise 
extended  so  as  to  cover  the  surface  of  the  copper.  Other 
modes  arc,  to  apply  an  amalgam  of  silver  to  copper,  driving 
off  the  quicksilver  afterwards  by  heat,  or  by  rubbing  on 
the  surface  mixtures  of  oxide  or  muriate  of  silver  with  mu- 
riate of  soda,  or  ammonia,  or  supertartrate  of  potash,  and 
applying  heat  so  as  to  favour  the  reduction  of  the  silver  on 
the  surface  of  the  copper,  and  its  adhesion  on  it.  The  sil- 
ver is  recovered  from  its  intermixture  with  copper,  by  boil- 
ing them  in  sulphuric  acid,  the  sulphate  of  copper  which  is 
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formed  being  removed  by  washing,  the  sulphate  of  silver 
remaining  insoluble  ; or  by  substituting  for  sulphuric 
acid,  a mixture  of  it  with  nitric  acid,  or,  what  is  more  eco- 
nomical, with  nitre ; this  mixed  acid  dissolving  silver  with- 
out dissolving  copper. 

The  solution  of  nitrate  of  silver  is  used  in  analytic  che- 
mistry, to  discover  the  presence  of  muriatic  acid  in  any 
state  of  combination.  Largely  diluted,  it  forms  what  is 
named  indelible  ink,  employed  in  marking  linen  which 
is  to  be  bleached,  lines  traced  with  it  becoming  dark  on 
exposure  to  light. 
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or  PLATINA. 

• / 

This  is  a metal  of  modern  discovery,  the  produce  of  the 
mines  of  Peru,  and  occurring  always  in  the  native  state, 
generally  in  small  grains  of  metallic  lustre,  a greyish  white 
coloui , ductile  and  malleable,  and  having  a specific  gravity 
not  less  than  17.  It  is  mixed  with  various  earthy  and  me- 
tallic fossils,  and  is  alloyed  with  a small  quantity  of  iron,  so 
as  to  be  sensibly  magnetic.  But  besides  these  foreign  sub- 
stances, it  has  within  these  few  years  been  discovered,  that 
there  occur  with  the  metal  to  which  the  name  of  platina 
"is  still  appropriated,  others  not  previously  known ; and 
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the  existence  of  not  less  than  four  distinct  metals  has  been 
supposed  to  be  established  by  these  reseat  ches.  rite  his- 
tory of  these  may  be  delivered  alter  the  history  of  platina 
itself. 

It  is  to  be  remarked,  however,  in  proceeding  to  the  his- 
tory of  this  metal,  that  if  the  conclusions  with  regard  to 
the  existence  of  these  other  metals  be  just,  the  properties 
of  platina  in  a state  of  purity  are  not  exactly  known  ; for  in 
any  process  which  has  been  employed  to  obtain  it  from  its 
native  state,  though  they  may  be  in  part  abstracted,  it  must 
retain  an  alloy  of  one  or  more  of  them  to  a greater  or  less 

extent. 

Platina  in  its  native  form  is  so  infusible,  that  the  giains 
can  scarcely  be  agglutinated  by  the  application  of  even  the 
most  intense  heat;  other  methods  therefore  aie  riecessaiy 
to  obtain  it  in  the  state  of  a metallic  mass.  The  one  which 
has  been  usually  followed,  is  to  dissolve  crude  platina  in 
nitro-muriatic  acid ; on  adding  to  this  solution  a solution  of 
muriate  of  ammonia,  a precipitate  is  thrown  down,  consist- 
ing of  the  oxide  of  platina  in  combination  with  portions  of 
muriatic  acid  and  ammonia : on  urging  this  precipitate  with 
a fire  gradually  raised  to  an  intense  degree,  the  acid  and 
the  ammonia  are  expelled,  the  oxide  is  reduced,  and  a 
spongy  metallic  mass  obtained,  which,  by  pressure  or  per- 
cussion while  at  a red  heat,  is  rendered  more  dense.  The 
metal  in  this  state  is  still,  however,  in  general  so  imperfectly 
agglutinated,  and  it  is  at  the  same  time  so  infusible,  as  not 
to  be  easily  worked.  It  is  therefore  subjected  to  other 
methods.  One  of  the  most  practicable  in  the  large  way, 
is  to  alloy  it  with  arsenic,  by  wlich  it  is  rendered  so  fusible- 
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as  to  be  easily  cast  into  bars,  and  tlie  arsenic  being  after- 
wards volatilized  by  exposure  to  a fire  gradually  raised, 
until  the  platina  is  obtained  malleable.  Another  is,  to  com- 
bine the  spongy  metallic  platina  with  quicksilver  ; the  so- 
lid amalgam  is  moulded  when  soft  in  bars,  it  quickly  be- 
comes hard,  and  is  afterwards  exposed  to  a heat  under  a 
muffle  sufficient  to  dissipate  the  quicksilver.  It  is  then 
strongly  ignited,  until  it  is  sufficiently  ductile  to  admit  of 
being  laminated  and  forged.  It  is  obvious  that,  as  obtain- 
ed by  any  of  these  methods,  it  must  be  alloyed  to  a certain 
extent  with  the  metals  naturally  associated  with  it. 

Platina,  in  the  dense  state  into  which  it  is  brought  by  the 
usual  processes,  is  of  a white  colour,  with  a slight  shade  of 
grey,  with  metallic  lustre : in  hardness  it  is  superior  to  the 
greater  number  of  the  metals ; it  is  very  malleable,  though 
its  hardness  prevents  it  from  being  easily  extended  in  leaves  j 
it  is  highly  ductile,  and  can  be  drawn  into  very  fine  wire. 
Its  specific  gravity  exceeds  that  of  the  other  metals  ; and 
hence  it  is  the  heaviest  known  substance;  the  specific  gra- 
vity lias  been  estimated  from  20.8  to  24  ; and  it  must  vary 
according  as  it  has  been  more  or  less  hammered,  and  as 
it  is  more  or  less  alloyed.  It  suffers  less  expansion  from 
heat  than  the  other  metals  in  general  do,  and  it  is  also 
inferior  to  them  in  conducting  power. 

Platina  is  a metal  extremely  infusible;  The  point  at 
which  it  melts  exceeds  that  at  which  the  pyrometrical 
pieces  of  Wedgewood  cease  to  contract,  and  cannot  there- 
fore be  exactly  estimated  ; it  has  been  supposed  to  be  higher 
than  l/>0,  or  even  160,  of  the  scale  of  this  pyrometer.  By 
the  aid  of  fluxes,  as  of  borax,  its  fusion  may  be  effected 
Vol.  if.  n 
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ivitli  more  facility.  It  so  far  partakes  of  the  property 
of  welding,  otherwise  peculiar  to  iron,  as  to  soften,  while 
at  the  same  time  it  remains  ductile  at  a heat  much  inferior 
to  that  necessary  to  melt  it ; whence  two  pieces  of  it  by 
forging  can  be  united  firmly  together. 

Platina  is  not  very  susceptible  of  oxidation.  Its  lustre 
suffers  no  diminution  from  exposure  to  air  or  humidity ; 
nor  does  it  lose  its  metallic  qualities  when  exposed  even  to 
intense  heats,  with  the  admission  of  atmospheric  air.  By 
a very  intense  heat,  however,  suddenly  applied,  as  that 
from  the  discharge  of  an  electrical  battery,  by  which  it  is 
not  only  fused  but  volatilized,  it  is  oxidated.  It  suffers  also 
oxidation  from  the  action  of  nitre  at  a high  temperature. 
Mr  Chenevix  endeavoured  to  estimate  the  proportion  of 
oxygen  in  the  oxides  which  exist  in  its  saline  compounds. 
Having  decomposed  the  nitrate  of  platina  by  heat,  he  ob- 
tained an  oxide  of  a yellow  colour,  which  by  a higher  heat 
was  reduced  to  the  metallic  state.  This  oxide,  he  conclud- 
ed, consists  of  87  of  metal  and  18  of  oxygen.  In  the  pro- 
gress of  its  reduction,  it  assumed  at  one  stage  of  the  process 
a green  colour,  remaining  so  for  some  time.  This  he 
supposed  to  denote  a different  degree  of  oxidation,  and  the 
proportion  of  oxygen  in  this  green  oxide  he  estimated  at  7 
in  100  parts. 

Platina  is  scarcely  acted  on  by  any  of  the  acids,  but  the 
nitro-muriatic,  and  the  oxy-muriatic : even  nitric  acid  boiled 
on  it,  docs  not  change  its  lustre.  Nitro-muriatic  acid  is 
its  proper  solvent,  and  the  muriate  afforded  by  this  solu- 
tion is  the  only  salt  of  this  metal  that  has  been  particularly 
examined.  When  the  acid  is  composed  of  three  parts  of 
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muriatic,  and  one  of  nitric  acid,  it  dissolves  the  largest 
proportion  of  the  metal : as  the  mutual  action  proceeds,  a 
black  powder  is  deposited,  which  consists  principally  of 
some  of  the  foreign  metals  contained  in  native  platina.  The 
solution  is  of  a dark  reddish-brown  colour,  and  by  evapo- 
ration it  affords  crystals  of  the  same  colour,  but  usually  of 
various  shades. 

This  solution  is  decomposed  by  the  alkalis  ; when  a solu- 
tion of  potash  is  added,  in  a short  time  small  reddish  octo- 
hedral  crystals  are  deposited ; if  an  additional  quantity  of 
alkali  be  afterwards  added,  a yellow  flocculent  precipitate 
is  thrown  down.  Ammonia  gives  rise  to  similar  results. 
Soda  throws  down  only  the  yellow  precipitate.  These 
precipitates  are  ternary  compounds  of  oxide  of  platina, 
with  a portion  of  muriatic  acid,  and  of  the  alkali  by  which 
the  precipitation  has  been  produced  ; there  being  also  pre- 
sent in  their  composition,  a small  quantity  of  one  of  the 
metals  associated  with  native  platina,  as  is  immediately  to 
be  stated. 

From  the  nature  of  these  precipitates,  they  are  likewise 
formed  by  adding  to  the  solution  of  muriate  of  platina,  a 
solution  of  a neutral  salt  containing  these  alkalis.  Thus 
precipitates  are  formed  by  muriate  of  potash,  or  muriate 
of  ammonia,  and  even  by  the  sulphates  or  nitrates  of  these 
alkalis.  This  kind  of  precipitation  of  the  solution  of  pla- 
tina by  a neutral  salt  containing  the  same  acid,  as  the  acid 
of  the  solution,  being  rather  uncommon,  has  been  fre- 
quently the  subject  of  investigation  with  chemists,  the  facts 
with  regard  to  it  were  found  difficult  of  investigation}  and 
it  is  only  lately  that  they  have  been  elucidated. 
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From  the  addition  of  muriate  of  ammonia  to  a solution 
of  platina  in  nitro-murialic  acid,  it  was  known  that  preci- 
pitates were  successively  thrown  down  of  different  shades 
of  colour,  being  at  first  of  a light  yellow,  becoming  after- 
wards deeper,  and  at  length  of  a reddish-brown.  These 
were  supposed  to  arise  from  different  degrees  of  oxidation, 
but  it  has  been  established  by  the  experiments  of  Dcseos- 
tils,  and  of  Fourcroy  and  Vauquelin,  that  the  difference 
arises  from  the  presence  of  one  of  the  metals  associated 
with  native  platina,  that  which  has  been  named  iridium  : 
the  red  precipitate  is  a ternary  combination  of  the  oxide  of 
this  metal  with  muriatic  acid  and  ammonia ; the  yellow 
px*ecipitate  is  that  which  platina,  apart  from  this  metal,  gives 
from  the  action  of  muriate  of  ammonia  ; and  it  too  is  a ter- 
nary compound,  being  composed  of  portions  of  the  acid 
and  alkali  with  the  oxide  of  platina.  The  black  powder, 
which  separates  during  the  solution  of  crude  platina  in  ni- 
tro-muriatic  acid,  consists  principally  of  this  iridium  ; and 
the  more  perfectly  it  has  been  separated,  the  colour  of  the 
red  precipitate  produced  by  the  addition  of  muriate  of  am- 
monia to  the  solution  is  less  intense  ; and  it  is  to  the  same 
substance  that  the  dark  colour  of  the  crystals  obtained  by 
the  evaporation  of  the  solution  of  plat  ina  is  owing.  It  is 
only  from  the  yellow  precipitate,  submitted  to  reduction  by 
the  application  of  heat,  that  platina  pure,  or  at  least  free 
from  iridium,  can  be  obtained. 

The  solution  of  muriate  of  platina  is  decomposed  by  se- 
veral of  the  metals  and  metallic  salts,  which  de-oxidize  it 
partially  or  entirely.  Muriate  of  tin  is,  by  an  action  of  this 
kind,  a very  delicate  test  of  it,  a bright  red  colour  being 
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assumed  when  a few  drops  are  added  to  the  solution  of 
platina,  diluted  with  a very  large  quantity  of  water.  It  is 
not  precipitated,  as  the  greater  number  of  metallic  salts  are, 
by  prussic  acid,  or  the  prussiates. 

Platina  and  sulphur  do  not  unite  by  fusion,  owing  pro- 
bably to  then*  weak  mutual  affinity,  and  the  extreme  infu- 
sibility of  the  metal.  It  combines,  however,  with  the  alka- 
line sulphurets ; and  sulphuretted  hydrogen  added  to  its 
solution  causes  a precipitation. 

It  combines  with  phosphorus ; the  compound  is  of  a 
silvery-white  colour,  brittle  and  very  hard  ; it  is  fusible,  and 
when  urged  by  a strong  heat,  is  decomposed,  the  phos- 
phorus being  expelled  ; hence  the  combination  with  phos- 
phorus has  been  employed  .is  a method  of  rendering  pla- 
tina fusible  and  capable  of  being  worked. 

Platina  combines  with  the  greater  number  of  the  me- 
tals ; but  our  knowledge  of  its  real  alloys  is  altogether  im- 
perfect, from  platina,  as  hitherto  employed  hi  these  combi- 
nations, having  been  used  alloyed  more  or  less  with  the 
metals  with  which  it  is  naturally  associated.  With 
gold  an  alloy  is  formed  of  a yellowish-white  colour, 
highly  ductile  and  elastic,  and  of  a specific  gravity  of  19. 
The  adoy  with  silver  is  of  a dull  colour,  and  harder  than 
pure  silver.  With  quicksilver  platina  was  supposed  not 
to  combine,  but  the  amalgamation  can  be  effected  when  the 
platina  is  in  that  spongy  state  in  which  it  is  procured 
;by  the  decomposition  of  the  ammoniaco-muriate  by  heat. 

Platina  is  a metal  of  considerable  value,  from  its  hard- 
ness, its  infusibility,  and  not  being  liable  to  be  acted  on  by 
the  greater  number  of  chemical  agents.  It  is  from  these 
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qualities  adapted  to  many  chemical  purposes,  and  hence  is 
employed  in  the  construction  of  tubes,  evaporating  basons, 
and  crucibles,  and  in  the  form  of  wire  for  galvanic  ex- 
periments. From  its  infusibility,  it  is  adapted  by  its 
expansion  to  measure  high  temperatures,  and  it  has  ac- 
cordingly been  applied  as  a pyrometer.  From  its  proper- 
ty of  suffering  less  expansion  than  other  metals  from  heat, 
and  not  being  liable  to  rust,  it  is  superior  to  others  for  the 
construction  of  the  pendulum-spring  of  watches.  Other 
metals,  copper  for  example,  can  be  covered  with  a coat- 
ing of  it,  by  applying  an  amalgam  prepared  from  the  tritu- 
ration of  the  spongy  platina  with  five  parts  of  quicksilver, 
to  the  surface  of  the  copper,  and  applying  heat  so  as  to 
favour  the  volatilization  of  the  quicksilver,  and  the  adhe-. 
sion  of  the  platina.  Brass  or  steel  may  be  coated  with 
platina  by  a process  similar  to  that  by  which  they  are  gild- 
ed,— adding  sulphuric  ether  to  a solution  of  platina,  re- 
moving the  etherial  solution  from  the  acid  liquid  beneath 
it,  and  dipping  into  this  the  polished  steel  or  brass.  Pla- 
tina has  also  been  applied  to  porcelain-painting,  by  means 
of  the  flux  by  which  gilding  or  painting  is  effected,  and 
serves  to  diversity  the  painting  with  gold. 
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CHAP.  IV. 

OF  IRIDIUM. 

This  is  tlie  first  of  the  metals  which,  it  has  been  stated, 
have  beenl  ately  discovered  to  exist  in  native  platina ; and 
of  which,  as  our  knowledge  is  still  imperfect,  and  their  claims 
to  the  rank  of  distinct  metals  are  not  altogether  certain, 
it  will  be  sufficient  to  give  a general  account,  without  much 
minuteness  of  detail. 

Iridium  constitutes  the  principal  part  of  the  black  pow- 
der which  is  deposited  during  the  solution  of  the  grains  of 
native  platina  in  nitro-muriatic  acid,  and  which,  in  part 
dissolved,  communicates  to  the  solution  and  the  crystals 
it  affords  by  evaporation,  a red  colour.  It  may  there- 
fore be  obtained,  either  from  the  black  powder,  or  from 
the  dark  red  precipitate  which  is  thrown  down  from  the 
solution,  by  the  addition  of  muriate  of  ammonia,  and 
which  consists  chiefly  of  the  oxide  of  this  metal,  with  por- 
tions of  ammonia  and  muriatic  acid. 

It  is  obtained  from  the  precipitate  by  the  action  of  heat 
alone,  the  acid  and  ammonia  being  expelled,  and  the 
oxide  reduced ; the  black  powder  affords  it  with  the  same 
facility  : when  heated  merely  before  the  blow-pipe,  it  loses 
its  black  colour,  and  becomes  white,  and  acquires  metallic 
lustre ; when  fused  with  borax,  it  forms  white  metallic 
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scales.  In  this  state,  however,  the  metal  is  not  perfectly 
pure,  it  has  an  alloy  of  iron,  and  of  another  metallic  sub- 
stance, which  Vauquelin  supposed  to  be  chrome,  but 
which  Tennant  has  inferred  is  a new  metal,  which  he  has 
named  Osmium.  To  obtain  the  iridium  free  from  these, 
more  complicated  processes  are  necessary,  consisting  pri- 
marily in  subjecting  the  black  powder  to  the  alternate  ac- 
tion of  potash  in  fusion,  and  muriatic  acid  ; the  alkali  dis- 
solving the  other  metals,  the  acid  dissolving  the  iridium 
with  a portion  of  iron.  From  the  muriatic  solution,  the 
iridium  may  be  obtained,  by  precipitating  it  in  its  metal- 
lic form  by  immersing  plates  of  zinc  in  the  solution  ; or 
by  evaporating  the  solution  to  dryness,  removing  the  mu- 
riate of  iron  by  alkohol,  and  afterwards  reducing  the  mu- 
riate of  iridium  by  exposure  to  heat ; or  lastly,  simply  by 
evaporating  the  muriatic  solution  to  dryness,  dissolving  it 
again  in  water,  and  by  a second  operation,  obtaining  from 
it  octaedral  crystals  j these,  by  exposure  to  heat,  afford 
iridium. 

This  metal  is  of  a white  colour,  brittle,  hard,  and  easi- 
ly reduced  to  powder  ; it  is  fused  and  volatilized  by  heat, 
it  is  also  oxidized  ; by  applying  a strong  heat  to  crude  me- 
tallic platina  in  an  earthen  retort,  a sublimate  of  a blue  co- 
lour is  obtained,  which  is  oxide  of  iridium ; or  by  calcin- 
ing the  metal  with  potash,  its  oxide  is  formed  by  the  ac- 
tion of  the  air,  and  combines  with  the  alkali.  In  its  sa- 
line combinations,  it  also  displays  phenomena,  which  ap- 
pear to  prove  its  existence  in  different  states  of  oxidation. 
Thus  the  Solution  of  it  in  muriatic  acid,  is  of  a deep 
green  colour : by  mere  dilution  with  water,  it  becomes 
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blue ; when  heated  it  becomes  red  ; and  when  in  this 
state  it  is  submitted  to  the  action  of  substances  capable 
of  deoxidating  it,  the  red  colour  is  removed,  and  the 
green  or  blue  restored.  It  is  from  these  changes  of  colour, 
which  are  characteristic  of  this  metal,  that  Mr  Tennant 
named  it  Iridium. 

Iridium,  in  its  metallic  state,  is  scarcely  acted  on  by 
any  acid ; even  the  nitro-muriatic  acid,  vTith  the  assist- 
ance of  heat,  dissolves  a very  small  portion  of  it : it  is 
more  soluble  when  alloyed  with  platina.  When  it  has  been 
oxidated  by  exposure  to  the  air,  aided  by  the  action 
ot  potash  at  a high  temperature,  it  dissolves  easily  in  the 
-acids ; the  solution  in  nitric  acid  is  of  a red  colour  ; in  sul- 
phuric or  muriatic  acid  it  is  green  or  blue,  according  to  the 
state  of  dilution  : the  alkalis  throw  down  from  these  solu- 
tions precipitates  of  the  same  colour.  The  greater  num- 
ber of  the  metals  give  rise  to  a dark-coloured  precipitate, 
and  remove  the  colour  of  the  solution.  Sulphuretted  hy- 
dro, • n has  a similar  effect.  ' 

This  metal  does  not  unite  with  sulphur  by  fusion.  It 
combines  with  some  of  the  other  metals ; both  gold  and 
silver  alloyed  with  it  remain  malleable  ; the  iridium  is  not 
separated  by  cupellation,  blit  only  by  solution  in  nitro- 
muriatic  acid. 
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CHAP.  V. 

OF  OSMIUM. 

In  submitting  the  black  powder  which  is  precipitated 
during  the  solution  of  native  platina  in  nitro-muriatic  acid, 
to  the  action  of  potash  or  soda,  at  a high  temperature, 
the  metallic  matter  is  oxidated  ; and  while  one  portion  of 
it  becomes  soluble  in  muriatic  acid,  another  portion  of  it 
enters  into  union  with  the  alkali,  forming  a compound 
which  is  soluble  in  water.  The  latter  Mr  Tennant  has 
regarded  as  the  oxide  of  a new  metal,  to  which,  from  the 
strong  smell  it  has  in  its  oxidated  state,  he  has  given  the 
name  of  Osmium. 

Th  oxide  of  osmium,  obtained  in  combination  with 
the  alkali  fey  the  above  process,  is  separated  by  the  addi- 
tion of  an  acid  •,  and,  what  is  a very  singular  property,  it 
can  be  obtained  in  solution  in  water  by  distillation.  The 
solution  is  limpid,  has  a sweetish  taste,  and  a pungent  pe- 
culiar. smell.  It  docs  not  redden  the  vegetable  colours, 
but  paper  stained  with  the  colour  ol  violet,  exposed  to 
the  vapour  arising  from  it,  loses  much  of  its  blue  tinge, 
and  becomes  grey.  This  oxide  is  obtained  in  a more  con- 
centrated state,  by  distilling  the  black  powder  from  crude 
platina  with  nitre  j a fluid  of  an  oily  appearance  distils 
over,  which  on  cooling  forms  a colourless  semi-transparent 
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solid  mass,  soluble  in  water.  This  concentrated  solution 
stains  the  skin  of  a dark  colour. 

Oxide  of  osmium  parts  with  its  oxygen  without  diffi- 
culty. It  beeomes  black  when  diffused  in  alkohol  or  ether, 
and  soon  separates  in  black  films.  The  greater  number 
of  the  metals  deprive  its  solution  speedily  of  smell,  and  a 
black  or  grey  oxide  is  precipitated,  consisting  of  the  os- 
mium in  a metallic  state,  with  the  oxide  of  the  metal  by 
which  it  has  been  precipitated.  If  quicksilver  be  employ- 
ed to  precipitate  it,  an  amalgam  is  obtained  ; by  applying 
a sufficient  heat  the  quicksilver  is  volatilized,  and  a powder 
remains,  of  a dark  grey  or  blue  colour,  which  is  metallic 
osmium.  This  is  the  process  by  which  Mr  Tennant 
procured  it.  The  metal  he  found  not  to  be  very  fusible 
nor  volatile ; exposed  to  a strong  white  heat  in  a cavity  in 
a piece  of  charcoal,  it  was  not  melted,  nor  did  it  suffer 
any  apparent  alteration.  When  heated  in  a similar  man- 
ner with  gold,  or  with  copper,  it  melted,  and  formed  al- 
loys with  these  metals.  When  heated  w'it  the  access  of 
air,  it  is  oxidated,  and  the  oxide  evaporates,  diffusing  its 
peculiar  smell. 

In  its  metallic  state,  osmium  does  not  appear  to  be  act- 
ed on  by  the  acids,  not  even  by  the  nitro-muriatic  acid. 
By  exposing  it  to  heat  with  potash  it  is  oxidated,  and  enters 
into  combination  with  the  alkali,  forming  a compound  so- 
luble in  water,  from  which  the  oxide  may  be  precipitated 
by  acids. 

A striking  property  by  which  this  metal  in  its  oxidated 
state  may  be  recognized,  is  displayed  in  the  action  of  infu- 
sion of  galls  upon  it.  Added  to  its  solution,  it  produces  a 
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purple  colour,  which  soon  becomes  of  a vivid  blue.  The 
solution  of  oxic,le  of  osmium  become  yellowish,  on  the  ad- 
dition of  pure  ammonia,  or  of  carbonate  of  soda ; and  a 
bright  yellow  is  acquired  from  the  action  of  lime.  The 
peculiar  smell,  and  the  volatility  of  this  oxide,  are  still 
more  characteristic,  and  undoubtedly  distinguish  it  from 
every  other  substance. 


ciiap.  vi. 

\ OF  RHODIUM. 

Dr  Wollaston,  submitting  to  examination  the  liquid 
which  remains  after  the  precipitation  of  the  solution  oi  crude 
platina  in  nitro-muriatic  acid  by  muriate  of  ammonia,  found 
reason  from  his  experiments  to  conclude,  that  it  contained 
two  new  metals,  one  which  he  named  Rhodium,  the  other 
Palladium.  The  following  is  the  process  by  which  these 
were  separated,  and  the  present  metal,  rhodium,  obtained. 

Crude  platina,  having  been  dissolved  in  nitro-muriatic 
acid,  was  precipitated  by  muriate  of  ammonia.  In  the 
remaining  liquid,  to  which  the  water  with  which  the  pre- 
cipitate was  washed  was  added,  a piece  of  zinc  was  im- 
mersed, until  no  farther  action  appeared  to  be  exerted  on 
it.  The  iron  contained  in  the  crude  platina  remained  in 
solution  : the  other  metals  had  been  precipitated  in  a black 
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powder,  estimated  to  amount  to  betweeen  40  and  50 
grains.  This  precipitate,  which  by  previous  experiments 
was  known  to  consist  of  platina,  rhodium,  palladium,  cop- 
per, and  lead,  was  digested  in  very  dilute  nitric  acid,  by 
which  the  two  latter  metals  were  removed.  The  remain- 
der was  digested  in  nitro-muriatic  acid,  which  dissolved 
the  -greater  part.  To  the  solution  was  added  20  grains  of 
common  salt ; and  when  the  whole  had  been  evaporated 
to  dryness  with  a gentle  heat,,  the  solid  matter,  consisting 
of  the  triple  salts  of  soda  and  muriatic  acid,  with  oxide  of 
platina,  of  palladium,  and  rhodium,  was  washed  repeat- 
edly with  alkohol,  till  it  came  off' nearly  colourless.  There 
remained  undissolved  the  triple  salt  of  rhodium,  which  is 
thus  freed  from  all  metallic  impurities.  When  dissolved 
in  water,  and  decomposed  by  zinc,  a black  powder  was 
obtained,  in  quantity  corresponding  to  about  4 grains 
from  the  1000  grains  of  crude  platina  dissolved.  This 

powder,  exposed  to  heat,  continued  black  : with  borax  it 

* * 

acquired  a white  metallic  lustre,  but  appeefred  infusible  by 
any  degree  of  heat.  Like  platina,  it  is  rendered  fusible 
by  arsenic,  as  it  also  is  by  sulphur : the  arsenic,  or  the 
sulphur,  is  expelled  bv  a continuance  of  the  heat ; but 
the  metallic  button  obtained  does  not  become  malleable. 
Its  specific  gravity,  as  far  as  could  be  ascertained,  appear- 
ed to  exceed  11. 

From  the  triple  salt  of  oxide  of  rhodium,  soda,  and 
muriatic  acid,  the  pure  alkalis  throw  down  a yellow  oxide, 
which  is  dissolved  by  adding  an  excess  of  alkali.  It  is 
aho  soluble  in  the  acids  j its  solution  in  muriatic  acid  does 
not  crystallize  by  evaporation  ; muriate  of  ammonia  or  of 
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soda  causes  no  precipitation  from  it ; the  solution  in  ni- 
tric acid  also  docs  not  crystallize  ; the  rhodium  is  precipi- 
tated from  it  by  silver,  copper,  and  other  metals. 

Rhodium  unites  with  all  the  metals,  quicksilver  excepted- 
Its  alloys  with  gold  and  silver  are  malleable  ; the  colour  of 
gold  is  little  altered-,  even  when  the  rhodium  amounts  to 
one-sixth  of  the  mass.  In  dissolving  it  in  nitro-muriatic 
acid,  the  rhodium  remains  undissolved. 

The  properties  assigned  to  this  metal  are  not  very  dis- 
tinctive, and  it  is  not  very  improbable  that  it  may  be  an 
alloy  of  some  of  the  others. 


CHAP.  VII. 

♦ i 

OF  PALLADIUM. 

This  metal  exists  with  rhodium  in  the  liquor  remaining 
after  the  solution  of  native  platina  has  been  precipitated 
by  muriate  of  ammonia ; and  in  the  process  already  de- 
scribed under  the  history  of  rhodium,  it  has  been  remark- 
ed, that  the  soda-muriate  of  palladium  being  soluble  in 
alcohol,  while  that  of  rhodium  is  insoluble,  they  are  thus 
separated  from  each  other,  lo  the  solution  ol  the  iornici 
salt,  muriate  of  ammonia  is  added  to  precipitate  any  platina 
that  may  be  present.  There  is  then  added  to  it  pi  ussiate 
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of  potash,  which  throws  down  a precipitate  or  a deep 
orange  colour.  This  dried  and  exposed  to  heat  affords  a 
metallic  residuum,  which,  when  heated  with  borax,  ac- 
quires metallic  lustre,  but  does  not  melt  before  the  blow- 
pipe ; a little  sulphur  added  to  it  causes  its  fusion  : from 
the  globule  thus  obtained,  the  sulphur  is  expelled  by  urg- 
ing it  with  the  flame,  and  a spongy  malleable  mass  re- 
mains. Dr  Wollaston,  the  discoverer  of  this  metal,  has 
given  other  processes  to  procure  it.  One  of  the  most  sim- 
ple is,  to  add  to  a solution  of  crude  platina  a solution  of 
prussiate  of  mcrcu  . y ; a occu’ent  precipitate  of  a yellow- 
ish colour  gradually  accumulates  ; this  is  prussiate  of  pal- 
ladium, and  when  decomposed  by  heat,  it  affords  the  me- 
tal in  a pure  state. 

Palladium  is  of  a greyish-white  colour,  and  when  po- 
lished has  considerable  lustre  ; it  is  ductile  and  very 
malleable;  in  hardness  it  is  superior  to  forged  iron;  its 
specific  gravity  is  from  11  to  11.8  ; like  platina,  it  is  less  ex- 
pansible, and  is  a less  perfect  conductor  of  heat,  than  the 
greater  number  of  the  metals.  .It  requires  a heat  of  a con- 
siderable intensity  to  fuse  it.  Heated  under  exposure  to 
the  air,  it  is  not  oxidated,  and  its  oxides  obtained  by  other 
methods  are  reduced  by  heat. 

This  metal  is  acted  on  by  a number  of  the  acids.  Ni- 
tric, sulphuric,  muriatic,  and  nitro-muriatic  acids,  ac- 
quire from  it  a rich  red  colour,  and  dissolve  A portion  of 
it.  Ihese  solutions  are  decomposed  by  the  alkalis  and 
eaiths,  precipitates  of  an  orange  colour  being  thrown  down, 
which  are  partly  re-dissolved  if  the  alkali  is  added  in  excess! 
The  sulphate,  nitrate,  and  muriate  of  potash,  or  of  am- 
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monia,  produce  precipitates  likewise  of  an  orange  colour 
from  the  saturated  solutions  of  the  salts  of  palladium,  which 
are  triple  salts. 

The  alkalis  act  on  palladium  even  in  its  metallic  state. 
Exposed  to  the  action  of  melted  potash,  it  loses  its  lustre 
and  part  of  its  weight,  and  part  ot  the  metal  is  oxidated 
and  combined  with  the  alkali.  Ammonia  digested  on  it 
acquires  a bluish  tinge,  and  holds  a small  portion  ol  oxide 
in  solution,  the  oxidation  in  these  cases  being  formed  by 
the  action  of  the  air. 

All  the  metals,  with  the  exception  of  gold,  silver,  and 
platina,  precipitate  palladium  in  its  metallic  state  from  its 
saline  solutions.  Green  sulphate  of  iron  also  throws  it 
down.  . Muriate  of  tin  forms  a precipitate  of  a dark  orange 
or  brown  colour ; sulphuretted  hydrogen  gives  a precipi- 
tate of  a dark  brown  colour  ; prussiate  of  potash  one  of  an 
olive  colour  ; prussiate  of  mercury,  a precipitate  of  a yel- 
lowish white  colour  ; and  as  this  re-agent  dbes  not  precipi- 
tate platina,  this  affords  a very  good  test  to  distinguish  be- 
tween these  metals.  This  .precipitate  by  prussiate  of  mer- 
cury from  the  nitrous  solution  of  palladium  explodes  when 
heated  to  500°  of  Fahrenheit. 

Palladium  combines  with  sulphur,  and  is  instantly  fused 
when  sulphur  is  thrown  upon  it  at  a high  heat.  The  sul- 
phuret  is  white  and  brittle. 

It  forms  combinations  with  a number  of  the  metals.  Its 
alloy  with  gold  is  of  a grey  colour,  harder  than  gold,  but 
less  ductile  even  than  the  palladium.  Its  alloy  with  snvei 
is  likewise  grey  and  hard.  Platina  and  palladium  entoi  in- 
to fusion  at  a heat  not.  higher  than  that  at  which  pallaoiu.ni 
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itself  melts,  and  an  alloy  is  formed  similar  to  the  preced- 
ing  in  colour  and  Hardness.  Its  other  alloys  are  likewise 
in  general  hard  and  brittle. 

Palladium  had  been  supposed  by  Mr  Clicncvix  to  be  an 
alloy  of  platina  and  quicksilver  ; and  there  are  some  facts 
established  by  his  experiments,  and  those  of  some  other 
chemists,  which  prove  that  these  two  metals,  by  combina- 
tion, modify  vei’y  powerfully  the  properties  of  each  other, 
and  acquire  even  some  of  those  characteristic  of  palladium, 
particularly  that  of  being  precipitated  in  the  metallic  state 
by  sulphate  of  iron.  The  synthetic  experiment  of  the 
formation  of  palladium  has  not  succeeded,  however,  with 
other  chemists ; no  analytic  experiment  has  been  success- 
ful in  establishing  its  composition,  and  its  properties  ap- 
pear to  be  sufficiently  characteristic  to  entitle  it  to  be  rank- 
ed as  a distinct  metal.  This  interesting  discovery  is  still, 
farther  confirmed  by  that  lately  made  by  Mr  Cloud,  that  it 
exists  apart  from  platina,  forming  a native  alloy  with  gold  ; 
and  Dr  Wollaston  has  also  observed  it  in  a distinct  form 
in  the  grains  of  native  platina. 


ciiap.  viii. 

OF  QUICKSILVER,  OR  MERCURY. 

This  is  distinguished  from  all  the  metals  by  its  perfect 
fluidity  at  common  natural  temperatures:  it  becomes  so- 
lid at  — 39®  of  Fahrenheit,  and  has  then  considerable  mal- 
Vol.  II.  E 
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leability.  In  its  liquid  state  it  is  perfectly  opaque,  and  has 
the  metallic  lustre ; its  specific  gravity  is  13.5.  In  passing 
to  the  solid  state  it  suffers  considerable  condensation,  equal, 
as  has  been  calculated,  to  of  its  volume  : this  gives  its 
specific  gravity  in  the  solid  state,  at  14%  17  •,  by  actual  expe- 
riment, it  has  been  found  to  be  14.46.  In  its  congelation, 
it  assumes  a crystalline  structure,  and  it  can  even  be  ob- 
tained in  small  octaedral  crystals. 

Quicksilver  occurs  native  in  small  quantity.  Its  usual 
state  is  mineralized  by  sulphur ; and  from  this  ore  it  is  ex- 
tracted by  distillation,  the  separation  from  the  sulphur  be- 
ing facilitated  by  the  intermedium  of  lime  or  iron.  It  is 
also  purified  by  distilling  it  a second  time  from  a portion 
of  iron  filings. 

The  temperature  at  which  quicksilver  is  volatilized  under 
a middle  atmospheric  pressure,  is  between  600°  and  TOO'' 
of  Fahrenheit,  being  stated  on  different  authorities  at  655°, 
650°,  and  672°. 

At  the  same  temperature  as  that  at  which  it  is  volatiliz- 
ed, it  is  oxidated  by  the  action  of  atmospheric  air.  When 
kept  boiling  gently,  its  lustre  diminishes,  a film  forms  on 
its  surface,  and  small  scales  of  a brick-red  colour  accumu- 
late,. the  oxygen  ol  the  air  being  at  the  same  time  absorb- 
ed. The  operation  is  not  easily  conducted  without  loss 
from  the  volatilization  of  the  mercury ; but  it  is  best  per- 
formed in  a glass  matrass,  with  a shallow  bottom,  and  the 
neck  drawn  out  to  a small  aperture,  a small  quantity  only 
ol  quicksilver  being  put  into  it,  and  the  heat  being  ap- 
plied steadily  by  a sand-bath.  This  red  oxide  contains 
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7 of  oxygen  in  100  parts ; it  is  reduced  by  the  heat  of  ig- 
nition to  the  metallic  state. 

There  is  also  reason  to  conclude,  that  quicksilver  is  sus- 
ceptible of  oxidation,  even  at  natural  temperatures.  It. 
is  to  be  regarded  as  a metal  in  a state  of  fusion  ; and  in 
this  state,  the  cohesion  being  so  much  diminished,  the 
greater  number  of  the  metals  combine  with  oxygen.  From 
quicksilver,  by  agitation  continued  for  some  time,  a grey 
powder  is  obtained,  which  some  have  regarded  as  the  me- 
tal mechanically  divided,  but  which  it  is  more  probable  is 
an  oxide,  as  it  is  solu  le  in  muriatic  acid,  which  quicksil- 
ver is  not.  This  oxidation  appears  to  be  effected  with 
more  facility,  when  the  continuity  of  the  quicksilver  is  in- 
terrupted, and  its  surface  extended  by  the  interposition  of 
any  viscuous  matter,  as  mucilage,  honey,  or  fat ; and  in 
this  way  are  formed  a number  of  medicinal  preparations, 
the  efficacy  of  which  depend  on  this  oxide.  The  propor- 
tion of  oxygen  in  its  composition  has  been  estimated  at  4> 
in  100  pai’ts. 

Besides  these  oxides,  it  appears  to  be  proved,  that, 
mercury  exists  in  other  degrees  of  oxidation  in  its  saline 
combinations;  though  the  precise  proportions  are  not  easily 
determined.  Thus  there  are  two  muriates  of  mercury, 
differing  in  the  degree  of  oxidation.  The  oxide  in  one  of 
them,  Mr  Chenevix  inferred,  contains  15  of  oxygen  in 
100  parts,  that  in  the  other  10.7.  Another  chemist,  Za- 
boada,  has  more  lately  inferred,  that  the  oxide  in  the  for- 
mer contains  not  more  than  10  parts,  and  that  in  the 
latter  little  more  than  5 in  100  parts.  The  degrees  of 
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oxidation  in  the  solutions  of  the  metal  in  nitric  acid,  ap- 
pear to  be  more  numerous,  and  probably  even  indefinite. 

The  greater  number  of  the  acids  act  on  quicksilver,  or 
at  least  are  capable  of  combining  with  its  oxides. 

Sulphuric  acid  exerts  little  action  upon  it  in  the  cold, 
but  if  heat  be  applied  it  is  decomposed,  the  quicksilver  is 
oxidated,  sulphurous  acid  is  disengaged,  and  the  oxide 
combines  with  the  remaining  acid.  The  combination  is 
different  according  to  the  proportions  of  acid  and  metal  ap- 
plied, and  the  degree  of  heat  and  its  continuance.  In  ge- 
neral, it  has  an  excess  of  acid,  and  even  with  this  excess 
it  crystallizes  in  slender  prisms,  thus  forming  a mass,  soft, 
and  partly  liquid,  composed  of  these  crystals.  This  saline 
.mass  is  very  acrid,  deliquescent,  and  soluble  in  water.  If 
washed  with  water,  a considerable  part  of  the  acid  is  re- 
moved, holding  combined  with  it  a portion  of  oxide  ; and 
the  neutral  sulphate  at  length  remains,  less  acrid,  and 
much  less  soluble  in  water,  but  which  is  still  so  far  soluble 
as  to  afford  by  evaporation  prismatic  crystals.  It  consists, 
according  to  Foufcroy’s  analysis,  of  75  of  mercury,  8 of 
oxygen,  12  of  acid,  and  5 of  water.  These  combinations 
are  liable  to  diversity,  too,  not  only  from  the  proportion  of 
acid,  but  also  from  the  degree  of  oxidation  of  the  metal, 
accordin'];  to  the  manner  in  which  they  have  been  effected. 

If  any  of  these  sulphates  of  mercury  be  urged  with  a 
heat  gradually  raised  until  the  mass  becomes  dry,  the  me- 
tal is  more  highly  oxidated,  and  the  excess  of  acid  is  en- 
tirely dissipated.  On  pouring  on  this  dry  mass  boiling 
water,  it  acquires  a lively  yellow  colour,  forming  a prepa- 
ration which  has  been  long  known  by  the  appellation  of 
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Turbith  Mineral,  now  named  Yellow  Sub-sulphate  oi 
Mercury:  The  water  in  this  process  produces  the  usual 

effect  which  it  has  when  it  decomposes  metallic  sails.  hx- 
erting  a stronger  attraction  to  the  acid  than  to  the  metal- 
lie  oxide,  it  combines  principally  with  the  former ; still, 
from  the  influence  of  quantity  on  chemical  affinity,  the 
acid  carries  with  it  a portion  of  the  oxide,  and  conversely 
from  the  operation  of  the  same  force,  the  oxide  which  is 
precipitated,  retains  a portion  of  the  acid  combined  with 
it ; the  neutral  sulphate  is  thus  resolved  into  a supersulphate 
which  the  water  dissolves,  and  a subsulphate  which  re- 
mains undissolved.  The  quantity  of  the  latter  is  great- 
er as  the  acid  has  been  more  completely  expelled  by  the 
previous  application  of  heat.  It  is  necessarily  liable  to  be 
variable  in  its  composition ; it  consists  of  from  76  to  84-  of 
mercury,  with  from  10  to  15  of  sulphuric  acid.  As  a mer- 
curial medicinal  preparation,  it  is  harsh  and  uncertain  in 
its  operation,  and  is  therefore  seldom  used. 

Sulphate  of  mercury  suffers  decomposition  from  the 
action  of  the  alkalis  and  earths,  precipitates  ol  various 
shades  of  yellow  and  grey  being  formed,  all  of  them 
probably  sub-sulphates.  Ammonia  re-acts  on  the  preci- 
pitate, and  forms  a ternary  compound,  which  may  be  ob- 
tained crystallized,  and  which,  according  to  Fourcroy’s 
analysis,  consists  of  39  of  .quicksilver,  33  ol  ammonia,  18 
of  sulphuric  acid,  and  10  of  water. 

Nitric  acid  acts  on  quicksilver  with  great  facility,  oxi- 
dating it,  and  combining  with  the  oxide,  forming  a perfect 
solution.  The  product  of  this  action  varies,  however,  con- 
siderably, particularly  with  regard  to  the  state  of  oxida- 


70  - OF  QUICKSILVER. 

tion,  according  to  the  circumstances  under  which  it  is  ex- 
erted. 

Jf  the  acid  is  diluted  with  rather  more  than  an  equal  part 
of  water,  and  if  no  heat  is  applied  to  accelerate  the  solu- 
tion, the  metal  attracts  a small  portion  only  of  oxygen, 
and  in  this  imperfectly  oxidated  state,  combines  with  the 
acid.  It  the  acid  is  less  diluted,  and  if  the  action  of  the 
metal  on  it  be  promoted  by  heat,  a compound  is  formed 
with  the  oxide  at  a higher  degree  of  oxidation.  Both 
these  solutions,  when  concentrated,  crystallize,  a mass  be- 
ing deposited,  consisting  of  a congeries  of  slender  prisms. 
Both  salts  are  corrosive,  deliquescent,  soluble  in  water,  and 
their  solubility  is  so  much  increased  by  heat,  that  on  ap- 
plying a moderate  warmth,  they  dissolve. 

In  these  combinations,  there  is  no  reason  to  suppose  that 
determinate  degrees  of  oxidation  are  established  ; there 
appears  to  be  a series  of  compounds  in  which  the  metal  is 
oxidated  indefinitely  from  the  minimum  to  the  maximum , 
and  hence  the  solution  is  liable  to  variation  from  the  slight- 

o 

est  diversity  of  circumstances.  The  compound  at  the 
maximum  of  oxidation,  is  not  easily  obtained  by  the  action 
of  nitric  acid  on  metallic  mercury,  but  is  formed  by  the 
direct  combination  of  the  oxide  and  acid.  It  is  obvious, 
too,  that  these  combinations  may  be  diversified  from  an 
excess  or  deficiency  of  acid.  In  general,  the  acid  is  in  ex- 
cess, and  it  always  is  so  when  the  mutual  action  has  been 
exerted  in  the  cold ; and  this  excess  of  acid  renders  the 
compound  more  soluble,  and  more  susceptible  of  dilution 
with  water  without  decomposition.  If  the  acid  is  boiled 
on  the  metal,  the  solution  has  at  length  an  excess  of  oxide, 
and  is  incapable  of  dilution  with  water  without  dccompo- 
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sition,  a sub-nitrate  sparingly  soluble  being  precipitated ; 
while  a portion  of  the  combination  approaching  to  the 
state  of  the  neutral  compound  remains  dissolved. 

Nitrate  of  mercury  is  decomposed  by  the  alkalis  and 
earths,  and  in  these  decompositions  are  well  displayed  the 
differences  which  arise  from  the  different  states  of  oxida- 
tion of  the  metal.  Potash,  soda,  or  lime,  added  to  the 
solution,  in  which  the  metal  is  at  a low  degree  of  oxidation, 
throws  down  a precipitate  of  a greyish  colour,  with  a 
tinge  of  yellow  ; when  added  to  the  solution  in  which  the 
metal  is  at  a high  degree  of  oxidation,  the  precipitate  is 
yellow,  more  or  less  bright  •,  and  between  these  are  preci- 
pitates of  various  shades,  according  to  the  state  of  the 
mercurial  solution.  All  these  precipitates  are  sub-nitrates, 
the  oxide  separated  by  the  alkali  retaining  a portion  of 
the  acid  combined  with  it. 

The  action  of  ammonia  on  these  solutions  is  more  pe- 

I 

culiar.  From  the  solution  containing  the  mercury  at  a 
high  state  of  oxidation,  it  throws  down  a white  precipi- 
tate, which  is  a ternary  combination  of  the  oxide  with 
portions  of  the  acid  and  alkali  ; the  proportions,  according 
to  Fourcroy’s  analysis  of  it,  being  68.2  of  oxide,  16  of 
ammonia,  and  15.8  of  acid  and  water.  From  the  solu- 
tion in  which  the  metal  exists  at  the  minimum  of  oxida- 
tion, it  throws  down  a precipitate  of  a dark  grey  or  blue 
colour  •,  and  between  these,  precipitates  of  various  shades 
of  grey  may  be  obtained,  according  as  the  mercury  is  more 
or  less  highly  oxidated. 

The  grey  precipitate  ( Oxulum  TJydrargyri  Cincrcim 
of  the  Pharmacopoeias)  is  a preparation  much  used  in  me- 
dicine 5 and  it  is  of  importance,  therefore,  to  have  it  un- 
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form.  The  directions  given  for  obtaining  it  have  often 
been  imperfect,  from  the  theory  of  the  process  not  being 
well  understood.  The  whole  depends  on  the  state  of  oxi- 
dation of  the  mercury  in  the  solution ; if  it  be  at  the  mini- 
mm,  the  dark  grey  precipitate  is  formed  ; if  it  is  at  any 
higher  degree,  then  a portion  of  the  ternary  white  preci- 
pitate is  formed,  which  mingling  with  the  other,  commu- 
nicates to  it  a lighter  shade,  must  render  it  variable,  and 
give  rise  to  some  difference  of  medicinal  power.  In  con- 
ducting  the  process,  therefore,  every  precaution  ought  to 
be  taken  to  moderate  the  action  of  the  acid  on  the  metal. 
Five  parts  of  diluted  nitric  acid,  that  is,  the  acid  diluted 
n ith  an  equal  weight  of  water,  to  four  of  quicksilver,  are 
the  proportions  ordered  in  the  Pharmacopoeia  ; it  may  be 
diluted  with  one  half  more  water  ; the  quicksilver  ought  to 
be  added  in  successive  portions,  and  no  heat  is  applied  to 
accelerate  the  solution  j the  liquor  is  poured  off  from  any 
undissolved  mercury,  and  is  diluted  with  fifteen  parts  of 
water ; water  of  ammonia  is  then  added  as  long  as  any 
precipitation  is  produced,  and  the  precipitate,  which  is  of 


a dark  grey  colour,  nearly  black,  is  collected  on  a fibre, 
washed  with  cold  water,  and  dried.  In  drying,  it  becomes 
of  rather  a lighter  shade.  The  nature  of  the  action  cx- 
ei  ted  by  the  ammonia  in  its  production,  is  not  altogether 
evident.  The  precipitate  formed  by  it  is  different  from 


that  thrown  down  by  potash  or  soda,  hence  its  action  must 
be  peculiar.  According  to  a view  given  by  Fourcroy, 
the  ammonia,  in  combining  with  the  nitric  acid  of  the  so- 
lution, and  separating  the  oxide  of  mercury,  partially  de- 
composes it,  its  hydrogen  attracts  part  of  its  oxygen,  and 
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hence  tlie  oxide  is  thrown  clown  in  even  a lower  state  of 
oxidation  than  that  in  which  it  existed  in  the  solution. 

It  has  been  supposed,  too,  that  a portion  of  ammonia  is 
combined  with  the  oxide,  but  of  this  no  trace  can  be  dis- 
covered from  the  action  of  substances  upon  it,  such  as 
lime,  by  which  ammonia,  if  present,  would  be  expelled. 
The  preparation  is  a mild  mercurial,  and  is  very  similar 
in  its  operation  on  the  system,  to  the  mercurial  prepara- 
tions formed  by  trituration. 

If  any  of  the  solutions  of  mercury  in  nitric  acid  De  eia- 
porated  to  dryness, — a mass  is  obtained  of  a yellowish  co- 
lour, which,  when  urged  with  a strong  heat  gradually 
raised,  becomes  of  a bright  red,  much  of  the  acid  being 
expelled  or  decomposed.  This  is  a preparation  which  has 
been  long  known  under  the  name  of  Red  Precipitate 
of  Mercury ; it  is  now  named  Ox  id  urn  Hydrargyri  llu- 
brum  per  Acidum  Nitricum,  in  the  Edinburgh  Pharma- 
copoeia; in  the  London,  Hydrargyri  Nitrico-Oxidum. 
When  properly  prepared,  it  is  in  scales  of  a brilliant  red 
colour.  It  is  not  a pure  oxide,  but  a sub-nitrate,  and  is 
accordingly  different  in  its  appearance  and  qualities  from 
the  red  oxide  obtained  by  the  action  of  atmospheric  air  at 
a high  temperature.  It  is  probably  impracticable  to  expel 
the  whole  of  the  nitric  acid  without  decomposing  the  oxide 
itself;  and  that  a portion  of  acid  does  remain  in  it,  may 
be  rendered  apparent  by  a very  simple  experiment,  boil- 
in?;-  it  in  water,  the  liquor,  when  filtered,  has  a metallic 
taste,  and  gives  a precipitate  with  water  of  ammonia,  or 
carbonate  of  potash.  It  is  employed  as  an  escharotic,  and 
this  quality  probably  depends  principally  on  the  portion  of 
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-CUT  a contains.  Its  proper  appellation  is  Sub-nitras  Hy. 
t iargyr,  Rubor.  Decomposed  byheat,  IOOpartsofitafibrd 

«- of  mercury,  and  IS  of  oxygen  gas,  the  latter  having 
probably  an  intermixture  of  nitrogen  gas. 

Muriatic  acid  does  not  act  on  quicksilver,  but  it  com- 
bines with  it  in  the  oxidated  state,  and  exerts  to  its  oxides 
a strong  affinity.  From  the  strength  of  this  affinity  it  ap- 
pears, even  in  entering  into  this  combination,  to  render 
t ie  degree  of  oxidation  determinate,  and  accordingly  two 
muriates  of  mercury,  of  uniform  composition,  arc  known, 
one  or  other  of  which  is  always  formed  when  the  acid  is 
auded  to  the  metal  in  the  oxidated  state. 

file  formation  of  these  compound's  is  well  displayed  in 
t ic  action  of  muriatic  acid  on  the  solution  of  mercury  in 
mtnc  acid.  If  the  solution  be  in  that  state  in  which  the 
metal  is  at  the  minimum  of  oxidation,  a compound  of  the 
oxide  with  the  muriatic  acid  is  formed,  which  being  inso- 
luble, is  precipitated.  If  the  solution,  on  the  contrary,  con- 
tain the  metal  at  the  maximum  of  oxidation,  a compound 
having  very  different  properties  is  formed,  and  which,  be- 
ing easily  soluble  in  water,  remains  dissolved.  And  if  the 
mercurial  solution  be  even  in  any  intermediate  state,  the 
muriatic  acid  does  not  combine  with  the  oxide  in  this  state 
but  resolves  it  into  the  two  oxides  which  are  the  bases  of 
these  compounds  ; and  hence  portions  of  both  of  them  are 
produced,  the  relative  quantities  being  various  according 

as  the  solution  has  contained  the  metal  more  or  less  hhhiy 
oxidated.  ° 

° P1  opaiations  have  been  long  known,  one  by 
the  name  o i Couosive  Sublimate  of  Mercury,  the  other  by 
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the  name  of  Sweet  Sublimate  of  Mercury,  or  Calomel  j 
they  arc  formed  by  processes  very  different  from  the  modes 
of  producing  them  which  have  just  been  desciibcd. 

The  process  given  in  the  Pharmacopoeias  to  obtain  the 
■first  of  these  preparations,  consists  in  dissolving  quicksilver 
in  sulphuric  acid,  by  the  application  of  heat ; a portion  of 
the  acid  is  decomposed,  its  oxygen  is  communicated  to  the 
metal,  sulphurous  acid  being  disengaged,  and  the  oxide 
combines  with  the  remaining  acid.  By  continuing  the  ap- 
plication of  heat,  the  sulphate  of  mercury  is  obtained  dry ; 
it  is  then  mixed  with  twice  its  weight  of  dry  muriate  of  so- 
da, and  the  mixture  being  put  into  a glass  matrass  to  which 
a capital  is  adapted,  heat  is  applied  to  it  by  the  medium  of 
a sand-bath,  arid  continued  while  any  matter  is  sublimed. 
A double  decomposition  is  produced  ; the  sulphuric  acid 
of  the  sulphate  of  mercury  combines  with  the  soda  of  the 
muriate  of  soda,  while  the  muriatic  acid  unites  with 
the  oxide  of  mercury;  and  as  this  oxide  existing  in  the 
sulphate,  is  in  a high  degree  of  oxidation,  the  muriate 
formed  is  the  one  with  the  oxide  in  this  state.  Being  vo- 
latile, it  is  sublimed  by  the  heat  applied  in  its  formation, 
and  it  condenses  in  the  form  oi  a crystalline  calce  in  the 
upper  part  of  the  matrass.  If  it  is  sublimed  more  slowly, 
it  is  obtained  in  the  form  of  needle-like  crystals.  It  also 
crystallizes  from  its  watery  solution  in  prisms. 

This  salt  is  soluble  in  water,  requiring  about  20  parts  at 
60°  for  its  solution,  and  not  more  than  2 parts  at  212u. 
It  is  also  soluble  in  alkohol.  Its  taste  is  styptic,  it  is  ex- 
tremely corrosive,  and  acts  as  a violent  poison  : in  a very 
email  dose  it  is,  however,  sometimes  administered  inter- 
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Rally  as  a mercurial,  and  it  is  used  externally  as  an  escha 

^ . h is  Composed  by  the  alkalis  and  earths,  which 
precipitate  from  its  solution  a sub-muriate  of  a yellow  colour, 
mmonia  forms  a white  precipitate,  which  is  a ternary 

compound,  consisting,  of  81  of  oxide  of  mercury,  16  of  mu- 
riatic acid,  and  3 of  ammonia.  It  has  been  in  use  as  a 
mild  escharotic,  under  the  name  of  White  Precipitate  of 
eicmy.  Muriate  of  ammonia  has  a singular  effect  on 
the  muriate  of  mercury,  that  of  rendering  it  much  more 
soluble  m water,  and  forming  with  it  a compound  which 
can  be  obtained  crystallized.  This  compound,  decomposed 
by  potash,  affords  the  same  white  precipitate.  Sulphuret- 
ted hydrogen,  either  pure  or  combined  with  the  alkalis, 
throws  down  from  the  solution  of  the  muriate  of  mercury 
precipitates  of  a dark  brown  colour,  which  appear  to  con- 
sist chiefly  of  the  sulphuretted  oxide.  A number  of  the 
metals  decompose  it  by  abstracting  the  oxygen  of  the  oxide, 
either  partially  or  entirely;  and  it  even  suffers  a partial 

decomposition  of  this  kind  from  vegetable  extractive 
matter. 


I he  composition  of  corrosive  muriate  of  mercury  has 
often  been  attempted  to  be  determined.  Even  the  latest 
analyses,  however,  assign  different  proportions  of  its  con- 
stituent principles.  According  to  Mr  Chencvix,  the  oxide 
which  is  its  base,  is  composed  of  85  of  mercury  with  15  of 
oxygen,  and  82  parts  of  this  oxide  are  combined  in  100 
ol  the  salt,  with  18  of  fnuriatic  acid.  In  100  parts,  tliere- 
foie,  there  are  present  69.7  of  mercury,  with  12.3  of  oxy- 
gon, vith  which  18  of  acid  are  united.  According  to  Za- 
boada,  the  oxide  which  is  its  base  does  not  contain  more 
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than  10  of  oxygen,  and  80  of  this  oxide  are  combined  with 
20  of  acid.  The  ultimate  proportions,  therefore,  are  20  of 
acid,  71.5  of  quicksilver,  and  8.5  of  oxygen. 

The  process  by  which  the  other  muriate  of  mercury  is 
formed,  is  an  indirect  one.  It  consists  in  triturating  the 

corrosive  muriate  with  nearly  an  equal  weight  of  metallic 

mercurv,  facilitating  the  trituration  by  the  addition  of  a 
little  water,  and  continuing  it  until  the  globules  are  no 
longer  apparent.  The  powder  dried  is  put  into  a glass 
matrass,  and  sublimed  by  heat,  applied  by  the  medium  of 
a sand-bath.  As  the  new  combination  which  takes  place 
is  not  perfect  on  the  first  sublimation,  the  mass  is  reduced 
to  powder,  and  sublimed  a second,  or  even  a third  time. 
The  sublimate  is  then  obtained  perfect,  and  free  from  me- 
tallic mercury  ; it  is  reduced  to  a fine  powder  by  lega- 
tion, and  is  thoroughly  washed  and  dried. 

In  this  process  the  metallic  mercury  which  is  added  is 
brought  into  combination  with  the  principles  of  the  corro- 
sive muriate  ; it  receives,  therefore,  a portion  of  the  oxygen 
of  the  oxide  which  is  the  base  of  that  compound,  the  whole 

passes  to  a lower  state  of  oxidation,  and  the  entire  oxide 

thus  formed  remains  combined  with  the  acid  ot  the  couo- 
sive  muriate.  Hence  it  is  obvious,  that  the  new  com- 
pound differs  from  the  other,  first,  in  its  base  being  mei- 
cury  at  a lower  state  of  oxidation,  and,  secondly,  m this 
base  being  combined  with  a smaller  quantity  of  acid. 
Though  the  quantity  of  acid  be  smaller,  it  appeals,  how- 
ever, to  be  as  much  as  the  oxide  requires  for  its  saturation, 

for  it  is  incapable  of  neutralizing  an  additional  portion  o! 

acid  ; and  this  is  strictly  conformable  to  a general  law',  ex- 
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cmplified  m many  metallic  combinations,  that  a metal  at  - 

Z Saturat,0n>  t,“'n  ^ *W  oxidation  is  L per- 

ancHImv  aff  *“"•  ™ —ia.es  of  mercury 

ft.  will  ™ examPIe  of  *e  difficulty  of  nomencla- 
. egani  to  different  salts  formed  from  the  same 
CH  , united  with  the  same  metal  in  different  states  of  oxi- 

peUaft  * "n\"  18  i'0t  CnS)'  '°  “SSign  ‘°  th°m  distinctive  “P- 
P ations  altogether  unexceptionable.  As  the  one  contains 

a laiger  porno,,  of  oxygen  than  the  other,  it  has  been  pro- 

name  it  oxy-muriate,  and  the  other  muriate 

bM  ,WS  is  term  oxy-,n„  ! 

■ ■*"*  “ clKmfc“i  nomenclature,  a compound  of 

■ J-mutiaUc  acd,  which  this  is  not,  the  larger  quantity  of 
• ygen  ,t  contains  being  in  combination  with  the  metal 

and  not  with  the  acid.  In  another  mode  of  nomenclature 
the  one  compound  that  at  the  higher  degree  of  oxidation, 
has  been  named  Muriate , the  other  Sub-muriate  of  Mer- 

“!■’  ’ ,but  tlm  » **>“'%  mcorl«t : the  epithet  sub  is  appro, 
pasted  to  salts  in  which  there  is  a deficiency  of  acid,  and 

<ha  nomenclature  would  imply  that  the  two  compounds 
ued  merely  the  proportion  of  acid,  their  base!  beinw 
,c  same,  fins  is  not,  however,  the  difference  between 
lem.  Although  the  compound  named  Sub-muriate  has 
less  acid  its  composition  than  the  other,  this  is  because 
its  base  requires  less  for  its  saturation!  it  is  not  a subsalt, 
nml  its  base  is  altogether  different  from  that  of  the  other, 
fro  better  distinctive  appellation  can  perhaps  be  given  to 
, t lan  that  lit. mn  from  anyiiiiportant  property  in  which 
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they  differ  ; this,  as  has  been  already  explained,  affording 
on  the  whole  the  best  mode  ot  distinguishing  salts  formed 
from  the  same  metal  and  the  same  acid.  1 he  one,  theie- 
fore,  may  be  named  Corrosive  Muriate  ot  Mercury,  the 
other  Mild  Muriate ; and  this  also  has  the  advantage  of  re- 
taining the  epithets  by  which  they  have  long  been  distin- 
guished, and  of  pointing  out  the  difference  between  them, 
which  it  is  most  important  to  attend  to  in  relation  to  their 
medical  use. 

Another  mode  of  preparing'  mild  muriate  of  mercury, 
besides  that  by  sublimation,  was  introduced  by  Scheele. 
It  consists  in  dissolving  quicksilver  in  nitric  acid,  and  add- 
in <r  to  this  a solution  of  muriate  of  soda  ; the  muriatic  acid 
combines  with  the  mercurial  oxide,  while  the  nitric  acid 
combines  with  the  soda.  The  muriate  is  precipitated,  it 
is  thoroughly  washed  with  water  and  dried.  When  this 
process  is  properly  conducted,  the  product  appears  to  be 
essentially  the  same  with  that  formed  by  the  other  process. 
But  from  the  theory  of  metallic  solutions  not  being  per- 
fectly understood  in  the  time  ot  Scheele,  he  gave  the  im- 
proper direction  ot  promoting  the  solution  ot  the  quick- 
silver in  the  acid  by  the  application  of  heat.  From  this  two 
effects  arise,  both  giving  rise  to  an  alteration  in  the  pro- 
duct ; first,  the  decomposition  of  the  acid  being  promoted, 
the  metal  passes  to  a higher  state  of  oxidation  than  that  in 
which  it  forms  the  base  of  the  mild  muriate,  and  hence  a 
poition  of  corrosive  muriate  is  also  formed  ; and,  secondly, 
.the  acid  is  so.  completely  saturated  with  oxide,  that  water 
alone  produces  a partial  decomposition  of  the  solution, 
throwing  down  a sub-nitrate ; and  hence,  on  adding  to  it 
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the  solution  of  muriate  of  soda,  a portion  of  this  sub-nitrate 
is  formed,  and  mingles  with  the  precipitated  muriate. 
These  sources  of  alteration  maybe  avoided  by  dissolving 
the  quicksilver  in  the  nitric  acid,  diluted  with  more  than 
an  equal  weight  of  water,  and  avoiding  the  application  of 
heat;  a solution  being  thus  obtained,  which  contains  the 
metal  in  the  lowest  state  of  oxidation,  and  which  affords 
the  mild  muriate  alone,  when  decomposed  by  muriate  of 
soda.  But  the  process  has  no  real  advantage  over  that  by 
sublimation,  and  as,  from  not  being  always  properly  con- 
ducted, it  may  afford  a less  uniform  product,  ought  to  be 
discarded. 


Mild  miniate  of  mercury,  obtained  by  sublimation,  is  in 
the  form  of  a dense  mass  of  crystalline  structure,  composed 
of  short  prisms  ; and  when  sublimed  slowly,  it  is  obtained 
in  tetraedral  prisms,  or  in  octohedrons.  In  its  dense  state, 
it  has  a specific  gravity  of  7. 1 ; it  is  somewhat  ductile,  and 
is  semitransparent,  with  a slight  tinge  of  yellow.  It  is  vo- 
latile, as  is  obvious  from  its  mode  of  formation  ; it  is  so 
sparingly  soluble  in  water,  as  to  require  above  1000  parts 
lor  its  solution.  It  is  insipid,  lias  no  escharotic  power, 
and  is  mild  in  its  operation  on  the  system. 

This  compound  is  decomposed  by  the  alkalis  and  earths, 
which  partially  abstract  its  acid,  and  form -a  sub-muriate  of 
a grey  colour. 

Mr  Chenevix  observed  the  formation  of  an  oxymuriate 
or  hyper-oxymuriate  of  mercury,  on  transmitting  a cur- 
rent of  oxymuriatic  acid  gas  through  water  in  which  red 
oxide  of  mercury  was  diffused.  Along  with  crystals  of 
corrosive  muriate,  another  crystallized  salt  was  obtained. 
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snore  soluble  in  water,  from  which  sulphuric  acid  expel- 
led vapours  of  hvper-oxymuriatic  acid. 

Mercury  is  scarcely  acted  on  by  any  of  the  other  acids  ; 
its  oxides,  however,  combine  with  the  greater  number  of 
them,  and  form  peculiar  compounds.  These  combina- 
tions may  be  effected  by  digesting  the  oxide  in  the  acid  ; 
but  a more  effectual  mode  is  to  add  to  the  nitrous  solu- 
tion of  mercury,  either  the  acid  designed  to  be  combined 
with  the  oxide  of  mercury,  or  what  is  preferable,  a solu- 
tion  of  a neutral  salt  which  contains  this  acid.  Thus,  if 
phosphoric  acid  be  added  to  the  nitrous  solution  of  mer- 
cury, a phosphate  of  mercury  is  formed  ; or  if,  instead  of 
the  acid,  a solution  of  phosphate  of  soda  be  added,  the 
same  compound  is  obtained, — the  soda  attracting  the  ni- 
tric acid,  and  the  phosphoric  acid  combining  with  the 
oxide  of  mercury.  In  the  same  manner  may  be  effected 
the  combinations  of  the  oxides  of  this  metal  with  any  other 
acid.  None  of  these  compounds  are  important,  or  ap- 
plied to  any  use. 

The  oxides  of  mercury  precipitated  by  the  alkalis,  es- 
pecially by  ammonia  or  lime,  if  dried  with  exposure  to 
light,  and  triturated  with  l-6th  of  their,  weight  of  sul- 
phur, detonate  on  being  heated.  A more  powerful  ful- 
minating preparation  has  been  discovered  by  Mr  Howard. 
It  is  obtained  by  dissolving  100  grains  of  mercury  in  one 
ounce  and  a half  of  nitric  acid,  with  the  assistance  of 
heat ; the  solution,  when  cold,  is  ■poured  upon  two  ounces  of 
alkohol  by  measure  ; a moderate  heat  is  applied,  till  an  ef- 
fervescence is  excited,  and  a precipitate  is  formed  ; this, 
washed  and  dried,  forms  the  fulminating  mercury  : 1?  or 
Vol,  II.  F 
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2 grains  of  it,  struck  upon  an  anvil,  explode  violently ; 
and  the  same  effect  is  produced  by  a strong  electrical 
discharge,  by  sudden  friction,  or  exposure  to  heat.  Mr 
Howard  found  this  preparation  to  consist  of  oxide  of 
mercury,  oxalic  acid,  and  nitrous  etherised  gas.  Its  de- 
tonation appears  to  be  owing  to  the  sudden  combination 
of  the  oxygen  with  the  carbon  and  hydrogen  of  these  sub- 
stances, forming  aqueous  vapour  and  carbonic  acid,  and 
disengaging  nitrogen  gas,  while,  at  the  same  time,  so 
much  caloric  is  rendered  sensible,  that  not  only  is  the  elas- 
ticity of  these  gases  much  increased,  but  even  the  metal, 
it  has  been  proved  by  Mr  Howard’s  experiments,  is  con- 
verted into  vapour  ; and  to  the  great  elasticity  of  this  mer- 
curial vapour  he  ascribes  its  high  explosive  power. 

Quicksilver  combines  with  sulphur.  By  mere  tritura- 
tion the  mercurial  globules  are  extinguished,  and  a black 
powder  is  formed,  the  product  of  the  combination  of  the 
two  substances.  It  is  the  black  sulphuret  of  mercury. 
When  seven  parts  of  the  metal  are  triturated  with  one  of 
sulphur,  and  the  black  powder  they  form  is  subjected  to  a 
moderate  heat,  the  temperature  rises,  and  light  is  evolved, 
apparently  not  from  oxygenation,  but  from  the  combina- 
tion of  the  sulphur  and  the  metal.  On  subliming  the  re- 
sidual mass,  it  acquires  a very  vivid  red  colour.  This  is 
the  red  sulphuret  of  mercury,  the  cinnabar  or  vermilion 
of  commerce.  Both  the  black  and  the  red  sulphurets  have 
been  supposed  to  contain  oxygen,  but  this  has  not  been 
established  by  any  accurate  analysis* 

Mercury  is  acted  on  by  the  alkaline  sulphurets  when 
these  arc  dissolved  in  water,  a black  powder  being  form- 
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ed.  These  compounds,  especially  that  from  the  sulphuret 
of  ammonia,  on  exposure  to  the  air,  assume  a red  colour, 
and  form  a compound  similar  to  cinnabar. 

Mercury  does  not  unite  with  carbon  ; it  combines  with 
phosphorus,  forming  a tenacious  concrete  mass,  fusible, 
and  which  is  decomposed  by  heat. 

Quicksilver  combines  with  many  of  the  metals  ; it  has 
not  been  practicable  to  unite  it  with  iron,  cobalt,  antimo- 
ny, or  nickel,  and  it  unites  with  platina  with  great  dif- 
ficulty. These  compounds  are  brittle  and  soft,  and 
when  the  mercury  is  in  large  proportion,  are  even  fluid. 
They  are  named  Amalgams.  The  amalgam  of  it  with  tin 
is  used  in  silvering  glasses ; that  with  gold,  or  silver,  in 
gilding  or  silvering  the  other  metals  : and  from  its  proper- 
ty of  amalgamating  so  easily  with  these  two  metals,  quick- 

+ ' 

silver  is  employed  in  extracting  them  from  the  foreign 
substances  with  which  they  are  naturally  mixed. 


CHAP.  IX. 

OF  COPPER. 

Copper  is  of  a red  colour,  with  a shade  of  yellow,  hav- 
ing considerable  lustre,  but  liable  to  tarnish  and  rust  from 
exposure  to  the  air.  It  is  moderately  hard,  and  lias  con- 
siderable ductility  and  malleability.  Its  specific  gravity  is 
7,8.  It  lias  a sensible  odour,  especially  when  heated  or 
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rubbed,  a styptic  unpleasant  taste,  and  is  peculiarly 
noxious  to  health. 

Copper  occurs  in  nature  native,  and  also  mineralized 
by  oxygen,  by  sulphur,  united  with  other  metals,  and  in 
the  state  of  oxide  combined  with  different,  acids.  It  is- 
principally  extracted  from  those  ores  in  which  it  is  asso- 
ciated with  Sulphur,  these  being  most  abundant.  The  ore- 
is  roasted  by  a low  heat,  the  metal  is  reduced,  melted, 
and,  by  repeated  fusions,  is  obtained  pure. 

Copper  melts  at  a full  white  heat,  and  by  slow  cooling 
may  be  crystallized.  It  suffers  oxidation  at  a lower  tem- 
perature from  the  action  of  the  air,  thin  scales  of  oxide 
formin<r  on  its  surface  when  it  is  heated  to  redness.  At  a 

O • 

higher  heat  it  burns  with  a green  flame.  Its  rusting  from 
exposure  to  air  and  humidity  at  natural  temperatures,  pro- 
bably likewise  arises  from  oxidation,  though  some  have  re- 
garded the  green  riist  as  a carbonate  of  copper.  The 
degrees  of  oxidation  of  which  this  metal  is  susceptible, 
have  not  been  determined  with  much  precision.  The 
brown  oxide,  formed  in  scales  when  it  is  ignited  under 
exposure  to  the  air,  are  supposed  to  be  at  the  minimum 
of  oxidation  ; and  by  exposing  this  to  a red  heat,  or  by 
oxidating  the  metal  directly  at  a higher  temperature,  an- 
other oxide  in  a higher  state  of  oxidation,  containing  a- 
bout  25  of  oxygen  in  100  parts,  is  formed.  Chencvix  sup- 
posed that  a still  lower  degree  of  oxidation  than  the  for- 
mer of  these  is  established  in  some  of  the  saline  combina- 
tions of  the  metal,  the  proportion  of  oxygen  being  not 
more  than  11.5  in  100  parts.  The  blue  and  green  pre- 
cipitates thrown  down  from  the  salts  of  copper  by  the  al- 


or  COPPER. 


85 


kalis  and  earths,  are  not  pure  oxides,  as  had  been  sup- 
posed, but  sub-salts,  containing,  besides  a small  quantity 
of  acid,  a portion  of  combined  water.  None  of  the  oxides 
of  copper  are  entirely  decomposed  by  heat. 

Copper  is  oxidated  and  dissolved  by  the  greater  number 
of  the  acids,  and  forms  with  them  in  general  soluble  and 
crystallizable  salts,  of  a green  or  blue  celour. 

Sulphuric  acid,  either  concentrated  or  diluted,  oxidates 
it,  and  combines  with  the  oxide,  especially  when  its  ac- 
tion is  promoted  by  heat.  The  solution  is  of  a blue  colour, 
and  by  evaporation  affords  crystals  of  the  same  colour  in 
the  form  of  rhomboidal  prisms : they  are  soluble  in  four 
parts  of  water  at  60,  and  in  two  parts  at  212°,  and  are  de- 
composed by  heat,  the  acid  being  partially  expelled.  This 
salt  is  the  blue  vitriol  of  commerce,  and  is  usually  ob- 
tained either  by  evaporation  of  the  solution  of  it  formed 
by  the  infiltration  of  water  through  copper  mines,  or  by 
exposure  of  sulphuret  of  copper  to  the  action  of  air  and 
humidity,  until  the  sulphur  is  converted  into  sulphuric 
acid,  and  the  metal  is  oxidated  and  combined  with  it. 

Nitric  acid  acts  on  copper  w'ith  much  facility,  the  metal 
attracting  a portion  of  its  oxygen,  nitric  oxide  gas  being 
disengaged,  and  the  oxide  combining  with  the  remaining 
acid.  The  solution  is  of  a deep  green  or  blue  colour,  pro- 
bably according  to  the  state  of  oxidation.  When  evapo- 
rated, it  affords  prismatic  crystals  of  a deep  green  colour, 
deliquescent,  and  easily  soluble  in  water.  This  salt,  from 
the  facility  with  which  it  parts  with  oxygen,  acts  with  con- 
siderable energy  on  a number  of  substances.  Thus  it  de- 
tonates when  struck  with  phosphorus,  and  burns  several  of 
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the  metals.  If  wrapt,  for  example,  in  tinfoil,  the  tin  in 
a tew  moments  is  oxidated,  and  frequently  with  such  rapi- 
dity as  to  produce  appearances  of  inflammation.  To  suc- 
ceed in  this  experiment,  it  has  often  been  remarked,  that 
the  salt  must  not  be  in  a perfectly  dry  state,  but  that  a 
little  water  must  be  added  to  it ; this  has  been  supposed  to 
operate  simply  by  communicating  that  fluidity  necessary  to 
chemical  action,  and  the  experiment  has  often  been  pro- 
duced as  affording  a proof  of  this.  I have  found,  how- 
ever, that  it  depends  on  a different  cause — the  concentra- 
tion of  the  acid  ; fop  if  the  solution  be  strongly  evaporated, 
and  the  salt  employed  while  it  is  still  a little  warm,  though 
it  be  perfectly  soft,  and  even  humid,  it  docs  not  act  on  the 
tin,  until  a little  water  is  added.  It  is  therefore  an  ex- 
ample of  the  singular  fact,  established  by  more  direct  ex- 
periments, that  nitric  acid  highly  concentrated  does  not 
act  on  metals,  but  requires  the  presence  of  a portion  of 
water. 

Muriatic  acid  dissolves  copper  slowly  when  the  atmos- 
pheric air  is  admitted  ; if  it  is  excluded,  the  action  is  very 
inconsiderable  unless  heat  is  applied  ; the  solution  is  of  a 
green  colour,  and  by  evaporation  slender  prismatic  crystals 
are  obtained,  deliquescent  and  very  soluble  in  water.  The 
salt  is  decomposed  by  heat,  and  the  acid  disengaged  part- 
ly in  the  state  of  oxy-muriatic  acid.  The  combination  of 
copper  with  muriatic  acid  can  be  established  in  other  states 
of  oxidation.  Thus,  if  a portion  of  copper-filings  be  in- 
cluded in  a phial  closely  stopt,  with  a solution  of  green 
muriate  of  copper,  the  solution  gradually  becomes  colour- 
less, the  metallic  copper  attracting  a portion  of  the  oxygen 
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of  the  dissolved  copper ; but  that  the  solution  still  holds 
the  metal  dissolved  at  a lower  degree  ol  oxidation,  is  prov- 
ed by  the  fact,  that  if  die  air  be  admitted,  a blue  tint  is 
soon  produced,  and  appears  first  at  the  surface  of  the  li- 
quid. By  the  addition  too  of  muriate  of  tin,  a substance 
which  powerfully  abstracts  oxygen,  to  a solution  of  muriate 
of  copper,  a white  muriate  is  precipitated,  and  this,  by  an 
addition  of  acid,  forms  a colourless  solution.  Oxy-muria- 
tic  acid  dissolves  copper,  and  when  transmitted  in  its  elas- 
tic form  through  water  in  which  oxide  of  copper  is  sus- 
pended, die  oxide  disappears. 

Copper  is  slowly  oxidated  by  a number  even  of  the 
weaker  acids,  as  by  sour  vegetable  juices,  when  submitted 
to  their  action  in  contact  with  the  air  and  with  humidity, 
while  the  acid  alone  does  not  appear  to  impart  oxygen. 
The  combinations  of  its  oxide  with  phosphoric,  carbonic, 
and  other  acids,  are  most  easily  effected  by  adding  to  a 
solution  of  nitrate  or  sulphate  of  copper,  a solution  of  a 
neutral  salt,  containing  the  acid  with  which  the  copper  is 
designed  to  be  combined.  The  carbonate,  phosphate,  and 
borate  of  copper  are  thus  obtained  in  the  form  of  precipi- 
tates of  a green  colour,  more  or  less  deep.  The  fluate  of 
copper  can  be  obtained  crystallized.  Acetic  acid  or  vine- 
gar oxidates  copper,  forming  on  copper  plates  a crust  of  a 
green  colour,  the  verdegris  of  commerce  ; and  this,  when 
dissolved  in  the  acid,  so  that  the  oxide  is  neutralized,  af- 
fords on  evaporation  prismatic  crystals  of  acetate  ol  copper, 
of  a rich  green  colour. 

All  the  saline  combinations  of  copper  are  decomposed  by 
the  alkalis  and  earths.  Potash,  soda,  and  the  alkaline 
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earths,  throw  down  precipitates  which  are  of  various  shades 
of  green  or  blue,  according  to  the  quantity  of  alkali  added, 
the  colour  being  green  if  a small  quantity  has  been  employ- 
ed, and  becoming  blue  from  a larger  quantity.  These 
precipitates  are  sub-salts,  the  alkali  attracting  the  greater 
part  of  the  acid,  but  the  oxide  precipitated  retaining  a small 
portion  of  the  acid  combined  with  it.  The  green  contains 
more  acid  than  the  blue.  The  blue  was  even  supposed  to 
contain  no  acid,  and  was  regarded  by  Proust  as  what  he 
named  a hydrate  of  copper,  or  combination  of  oxide  of 
copper  and  water : but  the  experiments  of  the  younger 
Berthollet  have  sufficiently  shewn,  that  it  always  retains  a 
portion  of  the  acid  of  the  salt  from  which  it  is  obtained. 
These  precipitates  retain  a considerable  quantity  of  water 
in  combination,  frequently  as  much  as  12  or  15  in  100 
parts  in  a dried  state,  and  the  oxides  of  copper  carry  with 
them  usually  a large  proportion  of  water  into  their  saline 
combinations. 

The  action  of  ammonia  on  the  salts  of  copper  is  more 
peculiar.  It  first  abstracts  a portion  of  the  acid,  and  throws 
down  a precipitate  of  a green  or  blue  colour,  which  is  a 
sub-salt.  But  if  added  in  larger  quantity,  it  re-dissolves 
this  precipitate,  and  forms  a transparent  solution  of  a very 
deep  blue  colour.  It  forms  a similar  solution  with  the  pure 
oxides  of  copper,  if  the  degree  of  oxidation  be  sufficiently 
high,  for  in  a lower  state  of  oxidation  the  solution  is  co- 
lourless, as  is  well  shewn  in  the  experiment  of  inclosing  a 
few  copper  filings  with  the  blue  solution  in  a phial  closely 
stopped  ; the  colour  is  gradually  removed  by  the  metallic 
copper  abstracting  a part  of  the  oxygen  of  the  dissolved 
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oxide  ; but  that  the  oxide,  in  this  lower  degree  of  oxida- 
tion, is  still  in  combination  with  the  alkali,  is  shewn  by  the 
blue  tint  almost  immediately  appearing  at  the  surface  of  the 
liquid  when  the  atmospheric  air  is  admitted.  The  ternary 
combinations  of  oxide  of  copper,  acid,  and  ammonia,  may 
be  obtained  in  small  crystals  by  evaporation  of  their  solu- 
tion, or  by  precipitation  byalkohol.  A similar  compound, 
used  in  medicine  under  the  name  of  Ammoniuret  of  Cop- 
per, is  prepared  by  triturating  two  parts  of  sulphate  of 
copper  with  one  part  of  carbonate  of  ammonia,  the  mass 
becoming  soft  from  the  mutual  action  of  the  two  salts,  the 
carbonic  acid  being  disengaged  with  effervescence,  and  the 
triple  compound  of  sulphuric  acid,  oxide  of  copper,  and 
ammonia,  being  obtained  of  a deep  violet  colour. 

Copper  is  precipitated  in  its  metallic  state  from  its  sa- 
line solutions  by  zinc  and  iron,  these  metals  attracting  the 
oxygen  which  serves  as  the  medium  of  its  union  with  the 
acid  of  the  solution. 

Copper  and  sulphur  unite  easily  by  fusion,  the  combi- 
nation being  attended  with  an  elevation  of  temperature  and 
an  extrication  of  light.  The  compound  is  of  a dark-grey 
colour,  with  a degree  of  metallic  lustre,  brittle  and  fusible. 
Sulphuret  of  potash  combines  with  copper  by  fusion,  and 
even  by  the  intermedium  of  water.  Sulphuretted  hydrogen 
and  the  hydro-sulphurets  throw  down  dark-coloured  pre- 
cipitates from  its  salts. 

Copper  appears  to  form  a combination  with  carbon. 
This  is  not  indeed  obtained  directly ; but  when  the  vapour 
of  alkohol  is  transmitted  through  a red-hot  copper  tube,  or 
over  copper-filings  placed  in  an  ignited  earthen  lube,  a 


90 


OF  COPPER. 


substance  is  obtained,  black  and  friable,  which  burns  in 
oxygen  gas,  affording  carbonic  acid,  and  a residuum  of 
oxide  of  copper. 

Phosphorus  may  be  combined  with  copper,  by  exposing 
to  heat  the  metal  in  mixture  with  phosphoric  acid  and  char- 
coal. The  phosphuret  is  of  a.  white  or  grey  colour,  with 
metallic  lustre ; it  is  hard  and  brittle,  tarnishes  on  expo- 
sure to  the  air,  and  is  decomposed  by  heat. 

Copper  combines  with  the  greater  number  of  the  rnetals 
by  fusion.  It  communicates  hardness  to  gold  and  silver, 
without  much  diminishing  their  ductility,  or  debasing  their 
colour,  when  in  small  proportion  ; hence  it  is  employed  in 
the  standard  alloys  of  these  metals.  With  platina  it  forms 
an  alloy  ductile,  and  susceptible  of  a fine  polish.  Quick- 
silver easily  amalgamates  with  it,  and  in  small  quantity 
renders  it  brittle.  With  zinc  it  fonns  brass  and  pinchbeck  ; 
with  tin,  bell-metal  and  bronze. 

Copper,  from  its  comparative  fusibility,  its  ductility,  the 
facility  with  which  it  can  be  extended  in  sheets,  and  with 
which  it  can  be  united  by  solder,  is  capable  of  being  applied 
to  many  purposes  of  utility ; and  it  is  accordingly  employ- 
ed in  the  construction  of  boilers,  stills,  and  various  house- 
hold utensils.  Its  utility  is  much  limited  by  its  poisonous 
quality ; and  though  this  has  been  attempted  to  be  obviat- 
ed, by  coating  its  surface  with  a thin  layer  of  zinc  or  tin, 
the  precaution  is  scarcely  effectual.  In  thin  sheets,  it  is 
applied  to  sheath  the  bottoms  of  ships,  and  for  this  pur- 
pose is  preferable  to  any  other  metal.  Several  of  its  com- 
binations are  used  as  pigments,  and  some  are  employed  in 
the  practice  of  medicine. 
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This  metal  is  extensively  diffused.  It  exists  in  the  mi- 
neral kingdom  in  immense  quantity,  and  under  numerous 
forms ; there  are  even  few  fossils  entirely  free  from  it ; it  is 
a constituent  principle  of  vegetable  matter,  and  is  obtain- 
ed from  the  ashes  of  every  plant ; it  exists  in  the  composi- 
tion of  the  blood,  and  of  other  animal  products  ; and  the 
singular  fact  has  even  been  established,  that  it  is  an  atmos- 
pheric or  meteoric  production,  those  stoney  masses  which 
at  different  times,  and  in  different  countries,  have  fallen 
from  the  atmosphere,  containing  iron  as  their  principal  in- 
gredient. 

The  ores  from  which  iron  is  extracted,  are  those  in 
which  it  is  mineralized  by  oxygen  ; of  which  there  are 
many  varieties,  consisting  of  the  oxide  more  or  less  pure, 
intermixed  with  argillaceous,  calcareous,  and  siliceous 
earths.  It  is  principally  from  the  argillaceous  ores  that 
iron  is  extracted  in  this  country.  The  ore  is  roasted  to 
expel  any  foreign  volatile  matter  *,  it  is  then  put  into  a 

furnace  with  layers  of  coakcd  coal,  and  with  a quantity  of 

% 

lime,  and  is  exposed  to  an  intense  heat  excited  by  a blast 
of  compressed  air.  The  lime  combining  with  the  other 
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earthy  substances  in  the  ore,  they  vitriiy  more  easily,  so  as 
to  admit  of  the  action  of  the  carbonaceous  matter  of  the  coal 
on  the  oxide,  and  the  separation  of  the  metal  reduced  by 
the  abstraction  of  the  oxygen.  The  charge  of  fresh  ma- 
terials is  renewed  at  the  upper  part  of  the  furnace,  and  the 
process  carried  on  without  interruption,  the  vitrified  mat- 
ter being  withdrawn  by  an  opening  in  the  side,  and  the 
melted  metal  run  out  at  the  bottom.  It  forms  what  is 
named  crude  iron,  pig  iron,  or  cast  iron. 

In  this  state  it  is  not  the  pure  metal ; it  always  contains 
a portion  of  carbon  and  of  oxygen  •,  and  frequently  smaller 
portions  of  other  ingredients,  manganese,  silex,  argil,  phos- 
phorus, and  chrome.  The  oxygen,  carbon,  and  phospho- 
rus, appear  to  be  diffused  through  the  metal  in  the  state  of 
oxide,  carburet,  and  phosphuret  of  iron.  According  to 
the  nature  and  proportions  of  the  foreign  substances,  the 
qualities  of  the  iron  are  modified.  Three  principal' varie- 
ties have  been  distinguished  ; — white  crude  iron,  in  which 
the  colour  approaches  to  white,  the  fracture  exhibits  a 
striated  appearance,  and  the  mass  is  extremely  brittle; 
the  grey  crude  iron,  in  which  the  colour  is  gvey  and  dull, 
the  fracture  granular,  and  which  is  less  brittle  than  the 
other ; and,  lastly,  the  black  crude  iron,  which  is  of  a 
dark  grey  colour,  approaching  to  blue,  and  the  fracture 
of  which  presents  larger  granular  concretions  ; it  is  also 
softer  and  more  fusible  than  the  others.  The  peculiar  qua- 
lities of  the  first  variety  have  been  supposed  to  depend 
principally  on  the  presence  of  oxygen,  or  perhaps  rather 
oxide  of  iron  ; of  the  second,  on  the  presence  of  this,  with 
a portion  of  carbbnaccous  matter ; and  of  the  third,  on  the 
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predominance  of  carbon,  or  rather  perhaps  carburet  of 
iron.  The  production  of  them  depends  on  the  proportion 
of  fuel  to  the  ore  in  the  process  of  reduction,  and  partly 
on  the  nature  of  the  ore  itself.  The  metal  in  all  these 
states  is  much  more  fusible  than  when  it  is  pure  •,  hence 
it  can  be  cast  in  a variety  of  forms ; it  is  at  the  same  time, 
however,  more  hard  and  brittle,  and  is  therefore  unfit 
for  many  of  the  purposes  to  which  pure  iron  is  applied. 

To  obtain  pure  iron,  crude  iron  is  submitted  to  two 
Operations,  fusion  and  forging.  In  melting  it,  part  of 
the  foreign  matter  separates  and  collects  on  the  surface  ; 
and  if  kept  in  fusion  for  some  time,  the  separation  is  ren- 
dered more  perfect,  a blue  lambent  flame  appears  on  the 
-surface,  apparently  from  the  disengagement  of  carbonic 
oxide,  or  carburctted  hydrogen  ; and  the  metal,  at  first 
<]uite  liquid,  gradually  becomes  thick  and  viscid  from  its 
fusibility  diminishing,  and  at  length  assumes  the  consis- 
tence ol  a paste  ; it  is  then  submitted  to  the  action  of  the 
forge-hammer,  or  to  the  pressure  of  steel  rollers,  by  which 
a quantity  of  oxide  of  iron  and  other  impurities  is  forced 
out.  In  this  state  it  forms  forged  or  bar  iron,  which  is 
no  longer  granular,  but  fibrous  in  its  texture  ; is  soft,  duc- 
tile, and  malleable,  and  much  less  fusible  ; it  is  the  metal 
in  its  pure  form. 

Still  there  are  some  peculiarities  in  forged  iron,  giving 
rise  to  different,  varieties.  Apart  from  these  peculiarities, 
iron  is  distinguished  by  its  infusibility,  softening  when 
heated,  and  being  ductile  and  malleable  at  all  tempera- 
tures. One  kind  pf  forged  iron  has  this  ductility  when  cold, 
but  is  brittle  at  a high  temperature ; this  is  named  hot 
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short  iron  : another,  named  cold  short  iron,  has  precisely 
the  opposite  property,  being  ductile  and  malleable  when 
heated,  but  brittle  when  cold.  The  causes  of  these  pecu- 
liarities are  not  very  well  determined.  The  cold  short 
property  appeared,  from  Bergman’s  experiments,  to  depend 
on  the  presence  of  a substance  which  he  regarded  as  a new 
metal,  and  named  Siderite,  but  which  has  been  ascer- 
tained tobe  phosphuret  of  iron.  The  hot  short  property  has 
been  ascribed  to  the  presence  of  sulphur,  arsenic,  manga- 
nese, or  chrome. 

Forged  iron,  free  from  these  peculiarities,  is  the  metal 
in  its  pure  state  ; it  is  ductile  and  malleable  at  every  tem- 
perature; its  texture  is  fibrous  ; its  colour  a light  grey,  ac- 
companied in  the  fresh  fracture  with  considerable  lustre  ; 
its  specific  gravity  is  7.7 ; in  hardness  it  is  superior  to  the 
greater  number  of  the  metals  ; it  also  exceeds  them  in  duc- 
tility, being  capable  of  being  drawn  into  finer  wire,  and 
having  such  tenacity  that  a wire  0.078  of  an  inch  in  dia- 
meter supports  without  breaking  above  500  pounds.  It 
is  also  highly  elastic. 

Iron  is  peculiarly  distinguished  by  the  property  of  mag- 
netism ; it  has  even  been  supposed  to  be  the  only  sub- 
stance which  possesses  it  ; some  other  metals,  however, 
particularly  nickel  and  cobalt,  appear  also  to  be  magnetic. 
The  magnetic  power  remains  within  a certain  degree  of 
oxidation,  but  beyond  this  is  impaired;  it  also  remains 
when  the  iron  is  combined  with  a certain  proportion  of 
carbon,  sulphur,  or  phosphorus,  but  beyond  this  it  is 
weakened,  and  at  length  destroyed. 
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Iron  is  extremely  infusible,  and  was  supposed  to  be 
even  incapable  of  being  melted  by  any  heat  that  can  be  ex- 
cited in  a furnace.  Its  fusion  has  been  accomplished, 
however,  at  a temperature  calculated  to  be  between  155° 
and  160°  of  Wedgwood’s  scale.  Crude  iron  melts  at  130. 
At  a temperature  far  below  that  which  is  necessary  to  its 
fusion,  forged  iron  softens  until  its  surface  appears  as  if  it 
were  covered  with  a thick  tenacious  fluid ; and  this  soften- 
ing extends  so  far  through  the  whole  mass,  that  two  pieces 
in  this  state  hammered  together  unite  firmly.  This  is  the 
property  of  welding,  so  valuable  with  regard  to  iron,  as 
rendering  it  capable  of  being  worked  j it  is  possessed  be- 
sides only  by  platina,  and  by  it  in  a very  inferior  degree. 
The  temperature  at  which  it  takes  place  is  about  a white 
heat ; if  the  temperature  be  raised  much  beyond  it,  the 
iron  becomes  brittle,  and  falls  to  pieces  under  the  ham- 
mer. 

Iron  is  oxidated  by  atmospheric  air.  Even  at  a common 
temperature,  it  undergoes  the  operation  of  rusting,  in 
which  it  is  oxidated.  The  change  in  this  case,  however, 
depends  partly  on  the  agency  of  water,  as  it  is  accelerated 
bj  humidity ; and  if  the  air  is  perfectly  dry,  it  scarcely 
takes  place.  The  rust,  too,  is  not  a pure  oxide,  but  con- 
tains a portion  of  carbonic  acid,  absorbed  from  the  at- 
mosphere, or  formed  perhaps  from  the  oxygenation  of  a 
little  carbon  contained  in  the  iron. 

At  a high  temperature,  the  oxidation  of  iron  takes  place 
more  rapidly.  When  raised  to  a red  heat,  its  surface  as- 
sumes various  tints  of  colour,  and  at  length  scales  form 
upon  it,  consisting  of  the  oxide.  In  the  state  of  filings. 
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it  even  burns  brilliantly  when  projected  across  the  flame  of 
a burning  body,  and  ignited  iron- wire  burns  with  splen- 
dour in  oxygen  gas.  In  these  cases,  what  is  named  the 
black  oxide  of  iron  is  formed,  containing,  according  to 
Lavoisier’s  estimate,  27  of  oxygen  in  100  parts.  If  it  be 
exposed  to  a continued  heat,  with  the  access  of  the  air,  it 
changes  its  colour  and  becomes  red,  from  farther  oxygena- 
tion. This  red  oxide  contains  48  of  oxygen  in  100  parts. 
These  oxides  are  obtained  also  by  other  processes.  The 
black  oxide  is  produced  by  the  slow  action  of  water  on 
iron,  when  the  iron  is  entirely  immersed  in  it,  and  also  in 
the  more  rapid  decomposition  of  water,  when  it  is  trans- 
mitted over  the  metal  at  the  temperature  of  ignition ; it 
exists,  too,  in  several  of  the  saline  combinations  of  iron. 
The  red  oxide  is  the  base  of  those  at  a higher  state  of 
oxidation,  and  is  obtained  from  their  decomposition.  And 
other  oxides,  in  intermediate  degrees  of  oxidation,  probar 
bly  exist.  One  of  a white  colour  is  obtained  from  muriate 
of  iron,  formed  by  boiling  a large  quantity  of  muriatic 
acid  on  iron-filings,  and  decomposed  by  an  alkali,  which 
has  been  supposed  to  be  iron  at  a lower  degree  of  oxida- 
tion than  the  black  oxide.  None  of  these  oxides  can  be 
reduced  by  heat  -,  but  their  reduction  is  accomplished  by 
the  action  of  carbonaceous  matter  at  a temperature  suffi- 
ciently elevated. 

Iron,  from  the  strength  of  its  affinity  to  oxygen,  is 
oxidated  and  dissolved  by  the  acids  with  facility  ; its  saline 
compounds,  when  neutral,  are  in  general  soluble  and  crys- 
tallizable. 

Sulphate  of  iron  is  a salt  which  has  long  been  known 
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under  the  name  of  Green  Vitriol.  It  is  economically  pre- 
pared from  the  native  sulphuret  of  iron,  which,  when  cal- 
cined, and  exposed  for  some  time  to  air  and  humidity, 
absorbs  oxygen,  so  that  the  sulphur  is  converted  into  sul- 
phuric acid,  and  the  iron  is  oxidated;  the  sulphate  of  iron, 
thus  formed,  is  extracted  by  lixiviation  and  crystallization. 
It  is  obtained  more  pure  by  the  direct  solution  of  iron  in 
diluted  sulphuric  acid,-  the  acid  enabling  the  iron  to  de- 
compose the  water,  by  attracting  its  oxygen,  and  combin- 
ing with  the  oxide,  hydrogen  gas  being  disengaged. 
The  solution  is  of  a pale  green  colour,  and,  if  concen- 
trated, affords,  after  filtration,  crystals  of  the  same  colour, 
in  the  form  of  rhomboidal  prisms.  They  consist  of  28  of 
oxide  of  iron,  26  of  sulphuric  acid,  and  46  of  water. 
This  salt  is  soluble  in  six  parts  of  cold  water.  Exposed  to 
heat,  it  first  liquifies  ; when  the  water  of  crystallization  is 
dissipated,  it  forms  a dry  mass  of  a greenish  colour  ; when 
urged  by  a strong  heat,  the  greater  part  of  its  acid  is  ex- 
pelled, partially  decomposed,  and  a red  oxide  remains. 
Exposed  to  the  air,  it  loses  its  transparency,  and  is  cover- 
ed with  a yellowish  crust ; a change  owing  not  merely  to 
the  dissipation  of  the  water  of  crystallization,  but  to  the 
absorption  of  oxygen.  Tin's  absorption  takes  place  to  a 
greaiei  extent  when  the  salt  is  in  solution,  and  continues 
until  the  oxide  pass  to  the  maximum  of  oxidation.  In 
this  state  it  requires  a larger  quantity  of  acid  for  its  satu- 
ration than  the  oxide  in  the  green  sulphate  does ; hence  a 


portion  of  this  more  perfect  oxide  is  precipitated,  while 
the  remaining  quantity  is  retained  in  combination  with  the 
ecid.  The  one  of  these  salts  is  named  the  Green  Sulphate 
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of  Iron,  die  other  the  Red  Sulphate.  The  latter  is  not 
crystallizable,  but  when  its  solution  is  evaporated  it  forms 
merely  a mass  of  a yellowish-red  colour.  It  is  soluble  in 
alkohol,  and  this  affords  a mode  of  separating  it  from  the 
other.  With  re-agents,  these  salts  afford  different  pheno- 
mena. The  green  sulphate,  decomposed  by  the  alkalis, 
gives  precipitates  of  a green  colour  ; the  red  sulphate  af- 
fords precipitates  of  a yellow  colour,  approaching  more 
or  less  to  red ; the  former,  with  prussiatd  of  potash,  gives 
a white  precipitate,  the  other,  with  the  same  test,  a pre- 
cipitate of  a rich  blue  colour  ; the  one  is  little  altered  by 
the  infusion  of  galls,  the  other  strikes  immediately  a deep 
purple  colour. 

From  the  strong  tendency  of  iron  to  pass  to  a highly 
oxidated  state,  it  is  difficult  to  obtain  the  green  sulphate- 
perfectly  pure,  so  as  to  exhibit  these  phenomena.  rIhe 
solution  of  iron  is  usually  in  an  intermediate  state  of  oxi- 
dation ; and  though  Proust  and  some  other  chemists  have 
supposed  that  there  arc  only  two  sulphates  of  iron  of  de- 
terminate composition,  one  haying  for  its  base  the  metal 
a t the  minimum , the  other  at  the  maximum  ol  oxidation, 
and  that  any  apparent  intermediate  compound  is  merely  a 
mixture  of  these,  it  is  more  probable  that  there  is  a series 
of  these  compounds  in  indefinite  degrees  of  oxidation  ; 
and  accordingly  crystals  of  numerous  shades  of  colour  can 
be  obtained.  The  different  precipitates  which  the  com- 
pounds at  the  extremes  of  the  series  form  with  the  different 
re-agents,  the  prussiale  of  potash,  and  infusion  ol  gulls* 
have  been  supposed  to  depend  on  the  peculiar  propel  ties 
of  the  oxides  which  are  their  bases:  this  may  be  paitly 
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tiie  cause,  but  they  appear  also  to  arise  in  part  from  the 
different  forces  of  affinity  with  which  the  oxide  is  retained 
in  combination  with  the  sulphuric  acid,  the  force  being 
greater  as  exerted  towards  the  metal  at  a lowr  than  at  a 
high  degree  of  oxidation,  so  that  the  salt  in  the  former 
state  does  not  so  easily  form  a 'precipitate  with  these  re- 
agents. But  if  the  affinity  be  weakened  by  causes  which 
do  not  change  the  state  of  oxidation,  as  by  mere  dilution 
with  water,  or  the  addition  of  an  alkali  in  small  propor- 
tion, the  precipitation  is  produced  by  their  action  on  the 
salt  in  even  the  least  oxidated  state. 

Sulphate  of  iron  is  a salt  applied  to  numerous  uses  in  • 
the  arts,  more  particularly  in  dyeing,  as  forming,  with 
vegetable  astringents,  the  bases  of  black  dyes,  and,  with 
other  colouring  substances,  different  shades  of  colour.  Its 
combination  with  these  astringents  is  also  the  basis  of 
writing-ink. 

Sulphurous  acid  dissolves  iron,  being  partly  decompos- 
ed, so  that  the  combination  is  a sulphuretted  sulphite  of 
iron.  The  pure  sulphite  is  obtained  by  the  direct  combi- 
nation of  the  acid  with  oxide  of  iron ; it  is  soluble  in  wra- 
ter,  not  soluble  in  alkoliol,  and  is  not  coloured  by  infusion 
of  galls. 

Nitric  acid  is  decomposed  by  iron  with  great  rapidity, 
and  t.ie  metal  passes  to  the  highest  state  of  oxidation. 
When  the  acid  is  diluted,  the  action  is  more  moderate, 
and  a more  perfect  solution  is  obtained,  which,  however, 
cannot  be  evaporated  so  as  to  afford  the  nitrate  crystallized, 
the  heat  that  is  required  causing  a farther  decomposition 
of  the  acid,  and  the  precipitation  of  a sub-nitrate  of  iron. 

G 2 
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A similar  change  is  produced  in  the  solution  from  exposure 
to  the  air,  oxygen  being  absorbed. 

Muriatic  acid  dissolves  iron  with  facility,  the  iron  re- 
ceiving oxygen  from  the  water,  and  the  solution  being 
therefore  attended  with  a disengagement  of  hydrogen  gas. 
The  solution  is  of  a pale  green  colour,  and  affords  crystals 
on  evaporation  of  the  same  colour.  If  oxide  or  rust  of 
iron  is  dissolved  in  muriatic  acid,  a solution  is  obtained  of 
a yellow  colour,  more  or  less  deep,  which  does  not  crys- 
tallize on  evaporation,  but  affords  merely  a soft  deliques- 
cent mass.  In  the  one  of  these  salts,  the  iron  is  in  a low, 
in  the  other  in  a high  state  of  oxidation,  and  they  differ 
considerably  in  their  chemical  properties  ; the  former,  the 
green  muriate,  is  insoluble  in  alkohol,  is  little  altered  in 
its  colour  by  infusion  of  galls,  and,  when  decomposed  by 
the  alkalis,  gives  a green  precipitate ; the  latter,  the  red 
muriate,  is  soluble  in  alkohol,  gives  a deep  purple  colour 
with  galls,  and  a blue  with  prussiatc  of  potash,  and  affords 
a yellow  precipitate  when  decomposed  by  the  alkalis.  The 
grpen  is  converted  into  the  red  muriate  by  exposure  to  the 
air,  passing  through  various  intermediate  states  of  oxida- 
tion, by  absorption  of  oxygen. 

The  solution  of  the  green  muriate,  as  well  as  of  the 
green  sulphate  of  iron,  absorbs  nitric  oxide  gas  j a proper- 
ty, the  application  of  which  to  eudiometry  has  been  already 
stated. 

Iron  is  acted  on  by  water  strongly  impregnated  with 
carbonic  acid,  and  a portion  of  it  is  dissolved.  The  com- 
mon rust  of  iron  contains  a portion  ot  this  acid  ; and  a 
carbonate  is  formed  by  decomposing  sulphate  of  iron  by 
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-''-rbonatc  of  potash  or  soda  ; it  is  precipitated  of  a green- 
ish colour,  but  in  drying  becomes  brown  from  absorption 
of  oxygen  from  the  air.  In  the  natural  chalybeate  waters, 
the  iron  is  usually  held  dissolved  by  carbonic  acid. 

Phosphoric  acid  acts  weakly  on  iron ; but  the  phosphate 
may  be  formed  by  adding  phosphate  of  soda  to  a solution 
of  sulphate  of  iron  ; it  is  of  a white  colour,  insoluble  in 
water,  and  fuses  into  a brilliant  globule  by  an  intense  heat. 
The  borate,  formed  by  a similar  process,  is  likewise  inso- 
luble. The  fluatc  is  soluble,  does  not  crystallize,  but  by- 
evaporation  forms  a gelatinous  mass.  Prussic  acid  has  a 
powerful  affinity  to  oxide  of  iron  ; it  forms  with  it  the  pig- 
ment of  a rich  blue  colour,  known  by  the  name  of  Prus- 
sian Blue ; and  from  the  deepness  of  the  colour  of  this 
combination,  and  the  strength  of  affinity  which  the  acid 
exerts,  it  affords  one  of  the  most  delicate  tests  of  iron. 
Gallic  acid  produces  with  the  salts  of  iron  a deep  violet 
tinge,  and  in  the  state  in  which  it  is  combined  with  tannin 
m the  infusions  of  vegetable  astringents,  particularly  of 
guils,  is  a test  still  more  delicate  and  more  accurate. 

The  alkalis  scarcely  act  on  iron  or  its  oxides;  in  decom- 
posing its  salts,  they  in  some  cases  form,  when  added  in 
excess,  soluble  ternary  compounds.  The  earths  form  co- 
loured enamels,  when  melted  with  oxide  of  iron. 

lion  appears  to  exert  a strong  attraction  to  carbon. 
When  melted  from  its  ores  in  contact  with  the  fuel,  a por- 
tion ol  carbonaceous  matter  combines  with  it,  and  this, 
with  oxygen  and  other  ingredients,  forms  cast  iron.  The 
combination  of  iron  with  carbon  alone  constitutes  Steel 
one  of  the  most  useful  forms  of  this  valuable  metal. 
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The  usual  process  for  forming  steel  is  that  of  Cementa- 
tion, bars  of  malleable  iron  being  imbedded  in  layers  in 
charcoal  powder  in  a close  furnace,  through  which  flues 
are  carried  to  distribute  the  heat.  A strong  fire  is  applied 
for  six  or  eight  days  ; the  progress  of  the  cementation  is 
known  by  withdrawing  a bar  from  the  furnace ; if  this  is 
sufficiently  changed,  the  fire  is  extinguished,  and  the  metal 
is  left  to  cool  for  six  or  eight  days.  This  forms  Blistered 
Steel ; it  is  rendered  more  perfect  by  subjecting  it  to  the 
operation  of  the  forge-hammer,  as  in  forging  iron  ; or  by 
welding  it ; or  it  is  fused  and  cast  into  small  bars,  forming 
what  is  named  Cast  Steel.  These  operations  are  pet  form- 
ed on  malleable  iron  ; but  some  kinds  of  cast  iion,  paiti- 
cularly  of  the  grey  crude  iron,  can  be  converted  into  steel 
of  an  inferior  quality  by  a similar  process.  Steel  is  also 
formed  by  fusing  forged  iron  with  charcoal. 

In  this  operation,  an  increase  of  weight  from  T^th  to 
„t_th  is  gained.  The  more  carbon  is  introduced,  the 
more  brittle  is  the  steel.  Bergman  first  clearly  shewed  the 
presence  of  this*  carbonaceous  matter,  by  asceitaining  by 
experiment,  that  less  hydrogen  is  disengaged  during  the 
solution  of  steel  in  diluted  sulphuric  acid,  than  during  the 
solution  of  iron  in  the  same  acid  ; and  that,  during  the 
solution  of  the  steel,  carbon  is  precipitated  in  the  form  of 
a black  shining  powder,  similar  to  plumbago.  Guyton 
has  observed,  that  it  is  probably  pure  carbon,  not  char- 
coal, that  is  present  in  steel;  and  to  this  its  great  hardness 
may  be  ascribed.  This  has  been  confirmed  by  the  imci 
csting  experiment  of  converting  iron  into  steel,  bj  e xpos 
ing  it  to  heat  with  diamond.  If  the  ultimate  base  of  car- 
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!>on  be  metallic,  as  is  not  improbable,,  it  may  be  ibis 
metallic  matter  that  combines  with  iron  to  form  steel. 
Bergman  further  found,  that  some  specimens  of  steel  con- 
tain manganese  and  siliceous  earth ; and  Vauquelin  has 
likewise  discovered  the  existence  of  this  earth  and  of  phos- 
phorus in  several  kinds  of  steel  which  he  analyzed. 

Steel  is  of  a grey  colour ; its  fracture  is  granular  and 
brilliant,  and  it  is  susceptible  of  a very  high  polish.  It  is 
more  fusible  than  iron.  It  is  both  ductile  and  malleable, 
and  when  hammered,  its  ductility  and  also  its  elasticity 
aie  increased.  'I  he  property  by  which  it  is  eminently  dis- 
tinguished is,  that  of  acquiring  a great  degree  of  hardness 
by  being  immersed  in  cold  water  when  previously  heat- 
ed, the  hardness  being  greater  as  the  steel  has  been  hot- 
ter and  the  water  colder ; it  at  the  same  time  becomes 
moiG  buttle  and  elastic,  effects  which  evidently  arise  from 
tue  irregular  aggregation  produced  by  the  sudden  coolino-. 
Steel,  thus  hardened,  may  have  its  softness  and  ductility 
restored,  by  again  heating  it,  and  allowing  it  to  cool  slow- 
ly. This  is  what  is  termed  tempering  of.it,  the  requisite 
degree  of  hardness  being  given  by  heating  the  metal 
more  or  less,  previous  to  the  slow  cooling.  The  harder 
it  is,  it  is  also  the  more  elastic,  and  at  the  same  time  more 
brittle,  and  hence,  for  different  purposes,  different  degrees 
of  temper  are  required. 

►Steel  possesses  a degree  of  hardness  superior  to  any 
other  metal ; it  is  also  possessed  of  the  highest  elasticity  : 
and  from  these  properties  it  acquires  its  high  value. 

rIhe  mineral  substance  known  by  the  name  of  Plumba- 
go, or  Graphite,  is  a native  combination  of  iron  and  cay- 
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bon.  The  proportion  of  iron  is  variable,  but  in  general 
it  does  not  exceed  from  5 to  10  in  100  parts  ; it  is  in  com- 
bination, as  Mr  Davy  has  supposed,  with  the  pure  carbo- 
naceous base. 

Iron  has  a strong  attraction  to  sulphur,  and  combines 
with  it  with  facility  by  fusion,  the  combination  being  at- 
tended with  the  evolution  of  heat  and  light.  They  also 
exist  combined  in  nature,  the  mineral  named  Pyrites  being 
a combination  of  this  kind.  The  proportions  of  the  in- 
gredients in  the  native  sulphurets,  are  usually  different 
from  those  in  the  artificial  sulphuret ; in  the  former  they 
are  about  53  of  sulphur,  and  47  of  iron  ; in  the  latter  the 
proportion  of  sulphur  does  not  exceed  37  ; but  the  arti- 
ficial sulphuret  may  be  combined  by  fusion  with  an  addi- 
tional proportion  of  sulphur,  and  sulphurets  formed  in 
various  intermediate  proportions.  When  the  proportion 
does  not  exceed  37  of  sulphur  in  100  parts  of  the  com- 
pound, the  magnetic  property  remains  •,  but  when  it  is 
so  high  as  53,  it  is  entirely  destroyed.  These  compounds 
are  of  a grey  or  yellow  colour  frequently  variegated,  with 
a degree  of  lustre,  the  colour  approaching  more  to  yellow, 
and  the  lustre  being  more  perfect,  as  the  proportion  of 
sulphur  is  large.  They  are  of  a crystalline  texture,  brittle, 
fusible,  and  are  partially  decomposed  by  heat ; the  com- 
pound in  which  the  iron  predominates,  when  moistened 
and  exposed  to  the  air,  absorbs  oxygen,  and  is  gradually 
converted  into  sulphate  of  iron.  A mere  mixture  of  iion 
filings  and  sulphur  moistened  acts  on  atmospheric  air  in  a 
similar  manner,  and  suffers  the  same  change.  1 he  al- 
kaline sulphurets  combine  with  iron  by  fusion,  and  aiso 
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by  boiling  with  water.  Sulphuretted  hydrogen,  and  the 
hydro-sulphurets,  form  precipitates  from  the  salts  of  iron. 

* With  phosphorus  iron  forms  a compound,  white,  brit- 
tle, and  of  a granular  fracture.— A compound  of  this 
kind,  obtained  from  cast  iron,  was  once  regarded  as  a 
peculiar  metal,  and  named  Siderite.  It  has  been  consi- 
dered as  the  cause  of  the  cold  short  property  of  iron. 


Iron  combines  with  a number  of  the  metals,  but  iew  of 
its  alloys  are  applied  to  use.  That  with  gold  is  hard, 
ductile,  and  malleable,  but  of  a dull  grey  colour.  With 
silver  it  forms  an  imperfect  combination.  With  platina 
the  combination  is  not  easily  effected,  from  the  infusibili- 
ty of  both  metals.  It  does  not  easily  amalgamate  with 
quicksilver  ; the  combination  can  only  be  produced  by  in- 
direct methods,  and  is  imperfect.  The  alloy  with  copper 
is  brittle,  and  of  a grey  colour.  The  principal  ahoy  or 
any  use  is  that  with  tin,  this  forming  what  is  named  Tin- 


ned Iron. 

Iron  is  perhaps  the  most  useful  of  the  metals,  possessing 
in  its  pure  form  the  highest  degree  of  tenacity,  ductility, 
elasticity,'  and  hardness,  combined,  whence  it  is  applied 
to  all  purposes  where  strength  is  required ; and  though 
infusible,  it  is  capable,  by  the  singular  operation  of  weld- 
ing, of  being  easily  fashioned  and  worked.  Cast  iron,  being 
fusible,  can  be  adapted  to  other  purposes,  and  derive? 
value  from  its  hardness,  and  from  being  less  liable  than 
forged  iron  to  be  acted  on  by  the  air.  And  the  great 
elasticity  and  hardness  of  steel  adapt  it  to  numerous  uses, 
for  which  other  metals  would  afford  very  imperfect  sub- 
stitutes. 
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OF  LEAD. 

Lead  is  the  softest  and  least  elastic  of  the  metals  ; it 
has  little  ductility,  but  considerable  malleability;  its  lustre 
tarnishes  speedily;  its  specific  gravity  is  11.3  ; when  rub- 
bed it  has  a peculiar  smell ; it  has  also  a perceptible  taste, 
and  is  one  ol  those  metals  which  prove  most  noxious  to 
animal  life.  Its  action  too,  as  a poison,  is  very  insidious, 
being  liable  to  accumulate  in  the  system,  without  imme- 
diately producing  any  sensible  effect. 

Lead  occurs  mineralized  by  carbonic,  sulphuric,  phos- 
phoric, and  molybdic  acids,  and  by  sulphur.  It  is  from  the 
last  ol  these  ores,  the  Galena  of  mineralogists,  tliat  the 
gieatei  pait  of  the  lead  of  commerce  is  extracted  ; the  ore 
reduced  to  powder  being  mixed  with  lime,  and  exposed 
to  a sufficient  heat ; the  lime  combines  with  the  sulphur, 
and  the  lead  is  run  out.  The  other  ores  are  previously 
toasted,  and  are  treated  in  a similar  manner. 

Lead  melts  at  a temperature  a little  inferior  to  igni- 
tion, or  about  591°  of  Fahrenheit.  When  cooled  slowly, 
it  crystallizes  in  aggregated  pyramids.  By  an  intense  heat 
it  is  volatilized. 

^ hen  in  fusion  it  is  oxidated  witlx  great  facility  by  tho 
atmospheric  air;  its  surface  is  quickly  covered  with  a ffhu 
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which  increases,  and  a grey  powder  accumulates,  consist- 
ing of  the  metal  in  the  first  stage  of  oxidation.  This,  by 
exposure  to  a higher  heat,  acquires  a lively  yellow  colour, 
forming  what  is  named  Massicot,  a change  probably  ow- 
ing to  farther  oxygenation.  If  the  flame  be  made  to  ie^ li- 
berate on  its  surface,  and  it  be  constantly  stirred,  the  co- 


lour changes  to  a bright  red,  and  the  substance  named 
Minium,  or  Red  Lead,  is  formed.  By  applying  heat 
quickly  to  the  oxide,  directing  at  the  same  tune  a current 
of  air  over  its  surface,  it  is  semi-vitrified,  and  forms  a sub- 
stance in  thin  scales,  named  Litharge.  Tins,  by  a more 


powerful  heat,  may  be  completely  vitrified,  when  it  forms 
what  is  named  the  glass  of  lead.  It  is  probable  that  the 
degrees  of  oxidation  of  lead  are  nearly  indefinite,  tlieie 
being  no  external  circumstance  connected  with  their  forma- 
tion to  render  them  determinate.  The  proportion  of  oxy- 
gen in  the  grey  oxide  has  not  been. determined.  In  the 
yellow  oxide  obtained  by  decomposing  the  nitrate  of  lead, 
the  proportion  of  oxygen,  according  to  Proust,  amounts 
to  9 in  100  parts,  according  to  Dr  Thomson  10.3.  In 


minium,  the  quantity  of  oxygen  is  equal  to  12  parts. 
Litharge, *Dr  lhomsou  lound  to  contain  about  4'  parts 
of  carbonic  acid  in  100,  united  with  the  yellow  oxide. 


The  existence  of  a brown  oxide,  formed  by  the  action  of 
nitric  acid,  or  oxy-muriatic  acid  on  the  red  oxide,  has  also 
been  supposed  containing  a larger  proportion  ol  oxygen 
than  any  of  the  others.  All  the  oxides  oi  lead  have  a con- 
siderable specific  gravity  ■,  they  are  fusible,  and  act  as 
powerful  fluxes  on  earthy  matter.  1 he  led  oxide  is  par- 
tially decomposed  hv  heat,  giving  out  a portion  of  oxygen 
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gas.  It  and  the  other  oxides  are  easily  reduced  by  heat- 
ing them  with  carbonaceous  matter. 

Lead  does  not  decompose  water,  so  as  to  produce  any 

sensible  disengagement  of  hydrogen  gas;  but  when  kept 

immersed  m water  for  some  time,  it  is  encrusted  with  a 
white  substance,  formed  probably  from  the  action  of  the 
oxygen  which  water  holds  loosely  dissolved. 

Lead  is  oxidated  by  a number  of  the  acids,  and  its 
oxides  combine  with  them  easily.  Its  salts,  those  of  them 
at  least  which  are  soluble,  are  distinguished  by  a peculiar 
sweet  and  styptic  taste. 

Sulphuric  acid  has  little  sensible  effect  on  it,  unless  its 
action  is  aided  by  a high  temperature,  and  even  then  the 
action  is  imperfect.  The  neutral  sulphate  of  lead,  formed 
by  decomposing  any  of  the  soluble  salts  of  lead  by  an  al- 
kaline sulphate,  is  very  sparingly  soluble,  so  as  to  be  in- 


stantly precipitated.  With  an  excess  of  acid  it  becomes 
more  soluble,  and  by  evaporation  of  its  solution,  is  obtain- 
ed in  needle-like  crystals. 

' Nitric  acid  acts  more  readily  on  lead,  oxidating  and  dis- 
solving it ; the  solution  by  evaporation  affords  small  pyra- 
midal crystals,  white  and  semi-transparent,  with  adaman- 
tine lustre.  They  are  decomposed  by  heat,  and  deflagrate 
when  thrown  on  burning  fuel.  Muriatic  acid  exerts  but 
a feeble  action  on  metallic  lead  ; it  combines,  how  ever, 
with  its  oxides,  forming  a compound  not  easily  obtained 
without  an  excess  of  acid.  The  neutral  muriate  is  best 
formed  by  decomposing  any  of  the  soluble  salts  of  lead  by 
muiiate  of  soda;  being  very  sparingly  soluble  in  water,  it 
is  immediately  precipitated : it  can  be  so  far  dissolved, 
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however,  by  the  aid  of  heat,  as  to  afford,  by  evaporation 
of  its  solution,  slender  prismatic  crystals.  It  melts  at  a 
moderate  heat,  and  forms,  on  congealing,  a solid  semi- 
transparent mass,  which,  from  its  appearance,  has  been 
named  Horn  Lead.  By  urging  it  with  a stronger  heat, 
it  is  partially  decomposed.  Oxy-muriatic  acid,  by  its  ac- 
tion on  metallic  lead,  forms  nearly  the  same  compound. 
When  transmitted  through  water  in  which-  the  red  oxide 
is  diffused,  it  brings  it  to  a higher  state  of  oxidation,  and 
combines  with  this  oxide,  forming  a salt  more  soluble  than 
the  muriate. 

Phosphoric  acid  has  scarcely  any  sensible  action  on 
lead,  but  combines  with  its  oxide,  forming,  when  the 
combination  is  established  by  the  exertion  of  a double  at- 
traction, a compound  of  very  sparing  solubility.  Nearly 
the  same  relations  are  displayed  by  fluoric  and  boracic 
acids.  Carbonate  of  lead,  when  it  is  formed  by  a simi- 
lar process,  is  likewise  insoluble.  Cerusse,  or  white  lead, 
is  a sub-carbonate.  It  is  prepared  by  exposing  plates  of 
lead  to  the  vapour  of  vinegar ; a white  crust  forms  on  their 
surface  from  the  oxidation  of  the  metal,  and  the  oxide 
either  absorbs  carbonic  acid  from  the  atmosphere,  or  the 
portion  of  this  acid  combined  with  it,  is  formed  from  the 
partial  decomposition  of  the  vinegar.  When  cerusse  is 
boiled  with  vinegar,  it  is  dissolved,  and  by  evaporation, 
a salt  is  obtained  in  slender  prisms  aggregated,  the  sugar 
of  lead  of  commerce,  the  super-acetate  of  lead. 

The  salts  of  lead  arc  decomposed  by  the  alkalis  and 
earths.  If  an  excess  of  the  decomposing  substance  is  add- 
ed, part  of  the  precipitate  is  redissolved,  and  the  fixed 
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alkalis  and  lime,  when  boiled  in  solution  on  the  oxides 
ol  lead,  dissolve  a minute  portion  of  them.  The  earths 
vitrify  with  them  with  great  facility,  and  oxide  of  lead  is. 
powerful  in  promoting  the  vitrifaction  of  all  earthy  mix- 
tures. , 

Oxide  ol  lead  can,  on  the  other  hand,  decompose  a 
number  ol  the  alkaline  and  earthy  salts,  particularly  the 
muriates  and  sulphates.  When  triturated  with  muriate  of 
ammonia  and  a little  water,  the  mixture  soon  disen  fumes 
an  ammoniacal  odour  from  the  oxide  combinum  with  the 
acid.  When  triturated  in  a similar  manner  with  muriate 
of  soda,  on  continuing  the  trituration,  and  allowing  the 
mixture  to  stand  in  a humid  state,  the  decomposition  of 
the  salt  is  complete,  the  soda  being  dissolved  by  the  wa- 
ter, while  the  oxide  and  acid  remain  in  combination. 
These  decompositions  appear  to  be  owing  to  the  affinity  of 
the  oxide  ol  lead  to  the  acid  being  aided  by  its  quantity  ; 
and  accordingly  a large  quantity  of  oxide,  four  parts  to  one 
of  the  salt,  are  necessary  to  the  decomposition $ and  the  resi- 
dual matter  is  sub-muriate  of  lead  with  a great  excess  of 
-oxide.  The  process  has  been  carried  on  on  a large  scale 
to  obtain  soda  from  muriate  of  soda,  the  sub-muriate  of 
lead  forming,  when  exposed  to  heat,  a substance  of  a yek 

V # J 

low  colour,  the  sale  of  which  as  a pigment  rendered  it 
more  economical. 

Lead  docs  not  unite  with  carbon.  With  sulphur  it  com- 
bines by  fusion,  forming  a compound  of  a dark-grey  co- 
lour and  metallic  lustre.  Sulphuretted  hydrogen  tarnishes 
the  lustre  of  lead,  and  it  decomposes  its  saline  compounds, 
forming  a precipitate  of  a very  dark  colour,  which  appears 
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to  be  a sulphuret  of  lead,  the  hydrogen  of  the  sulphuretted 
hydrogen  combining  with  the  oxygen  of  the  oxide,  while 
the  sulphur  unites  with  the  lead.  The  action  oi  the  sul- 
phuretted hydrogen  combined  with  the  alkalis  or  earths,  is 
similar.  It  affords  the  most  delicate  test  to  discover  the 
presence  of  lead,  and  is  sometimes  employed  to  detect  it 
where  it  is  suspected  to  be  present  in  wines  or  other  liquors, 
the  solution  of  the  sulphuretted  hydrogen,  or  what  is  more 
frequently  employed,  of  the  sulphuretted  hydro-sulphuret 
of  potash,  being  added  to  the  liquor.  It  is  liable  to  some 
fallacies,  however,  from  precipitating  other  metals,  as  iron, 
likewise  of  a dark  colour  •,  and  this  is  only  imperfectly  ob- 
viated by  different  additions  which  have  been  made  to  what 
are  named  the  wine  tests  ; to  render  it  certain,  therefore, 
the  precipitate  ought  always  to  be  reduced  to  the  metallic 
state.  From  the  deepness  of  the  colour  produced  by  the 
action  of  sulphuretted  hydrogen  on  the  salts  of  lead, 
solutions  of  these  form  a well-known  sympathetic  ink,  lines 
traced  with  any  of  them  on  paper  becoming  visible  when 
exposed  to  the  gas. 

Lead  forms  witli  phosphorus  a compound  of  a greyish- 
white  colour,  and  metallic  lustre,  soft  so  as  to  be  easily  cut 
by  a knife,  flexible,  and  of  a lamellatcd  texture. 

With  the  greater  number  of  the  metals  lead  combines 
easily  by  fusion,  but  few  of  its  alloys  are  applied  to  any 
useful  purpose.  It  diminishes  greatly  the  ductility  of  gold, 
silver,  and  plntina.  It  amalgamates  readily  with  quick- 
silver, forming  alloys  more  or  less  solid,  according  to  the 
proportions.  With  copper  it  forms  an  alloy  of  a grey  co- 
lour ; with  iron  it  can  scarcely  be  combined. 
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Lead  is  adapted  to  many  purposes  of  utility,  from  its 
flexibility,  the  facility  with  which  it  is  cast  into  different 
forms,  and  with  which,  when  in  sheets,  it  is  united  by 
solder.  In  thin  sheets,  it  is  employed  for  covering  the 
roofs  of  buildings.  It  forms  evaporating  vessels  and  boilers, 
to  which  the  fire  may  be  directly  applied.  And  pipes 
formed  of  it  are  in  common  use  for  conveying  water ; an 
application  which  has  not  been  supposed  to  be  altogether 
without  danger,  as  lead  suffers  a slight  oxidation  at  its  sur- 
face when  immersed  in  water  ; in  water  conveyed  through 
leaden  pipes,  however,  no  indication  of  the  presence  of 
lead  can  be  discovered  by  the  action  of  sulphuretted  hydro- 
gen j and  from  the  perfect  exclusion  of  the  atmospheric  air, 
the  metal  is  probably  little  acted  on  by  the  water.  The  use 
of  cisterns  of  lead  for  containing  water  must  be  more  ha- 
zardous, as  in  these  the  metal  is  exposed  to  the  action  both 
of  air  and  water  ; and  they  are  probably  rendered  safe  only 
from  the  deposite  of  the  earthy  matter  contained  in  spring 
water,  which  forms  a crust  covering  the  surface  of  the  me- 
tal. 1 he  oxides  of  lead  are  employed  as  pigments,  and  in 
the  manufacture  of  the  finer  kinds  of  glass,  to  which  they 
communicate  greater  density,  and  a higher  refractive  power.  - 
They  arc  also  used  in  glazing  the  coarser  kinds  of  earthen 
ware,  another  practice  which  is  not  without  hazard,  as  the 
glazing  is  easily  acted  on  by  liquors  slightly  acid.  Several 
preparations  of  lead  are  employed  in  medicine,  from  their 
styptic  power. 
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OF  TIN. 

Tin  iias  a white  colour,  with  a slight  shade  of  grey ; it 
has  little  ductility,  but  so  much  malleability  as  to  be  ca- 
pable of  extension  into  thin  leaves  ; it  is  soft  and  flexible, 
and  in  bending  gives  a peculiar  crackling  noise.  It  is  one 
of  the  lightest  of  the  metals,  its  specific  gravity  being  not 
more  than  7,3.  It  occurs  in  nature  in  the  state  of  oxide, 
and  in  smaller  quantity  in  that  of  sulphuret,  and  is  one  of 
the  rnetals  of  least  extensive  distribution,  being  found  in 
comparatively  few  countries.  It  is  extracted  from  the  na- 
tive oxide  by  fusion  in  contact  with  the  fuel,  the  oxygen 
being  abstracted  by  the  carbonaceous  matter. 

Tin  is  one  of  the  most  fusible  of  the  metals,  its  melting 
point  being  not  higher  than  442°.  When  in  fusion,  if  it. 
is  exposed  to  the  atmospheric  air,  a film  quickly  forms  on 
its  surface,  and  a grey  oxide  accumulates.  If  this  be  longer 
exposed  to  heat,  and  stirred,  it  becomes  of  a yellowish- 
white  colour,  from  passing  to  a higher  state  of  oxidation. 
When  tin  is  exposed  to  a high  heat,  it  burns  with  a weak 
flame ; and  it  is  also  oxidated  with  the  phenomena  of  com- 
bustion, when  exposed  to  a full  red  heat  in  mixture  with 
nitre.  The  grey  oxide  has  been  supposed  to  contain  from 
S to  10  of  oxygen  in  100  parts;  the  oxide  at  the  maximum 
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foimcd  bj  the  action  of  nitric  acid  on  tin,  contains,  ac- 
cording to  Proust,  30  or  even  40  in  100  parts.  These  ox- 
ldes  are  reduced  with  facility  by  exposure  to  a sufficient  de- 
gi  ee  of  heat  in  mixture  with  carbonaceous  matter.  The  .: 
are  extremely  infusible,  but  vitrify  with  earthy  substances. 

Tin  loses  its  lustre  from  exposure  to  the  air,  but  is  not 
liable  to  rust.  It  suffers  little  change  from  the  action  of 
water  at  any  temperature. 

in  is  oxidated  and  dissolved  by  the  acids,  and  in  these 
combinations  is  displayed  one  of  the  most  characteristic 
properties  of  this  metal,  the  avidity  with  which  it  combines 
with  oxygen,  and  its  tendency  to  pass  to  a highly  oxidated 
state,  so  that  the  compounds  at  the  minimum  of  oxidation 
are  not  easily  obtained. 

When  heat  is  applied  to  favour  its  action  on  sulphuric 
acid,  the  acid  is  decomposed,  and  the  decomposition  pro-1 
ceeds  to  that  extent,  that  not  only  is  sulphurous  acid  dis- 
engaged  from  the  partial  abstraction  of  oxygen,  but  from 
its  entire  abstraction  sulphur  is  separated.  The  solution 
deposites  slender  crystals ; it  is  decomposed  by  the  affusion 
of  water,  and  suffers  even  spontaneous  decomuosition  when 
kept  for  some  time,  the  oxide  passing  gradually  to  so  high- 
ly an  oxidated  state,  that  it  exerts  a less  energetic  action 
on  the  acid.  Sulphurous  acid  is  also  decomposed  by  tin  j 
a portion  ofsulphuret  of  tin  .appears  to  be  formed,  and  sul- 
phite of  tin  is  partly  precipitated,  partly  retained  in  solu- 
tion, 

hutric  acid,  in  its  most  concentrated  state,  exhibits  the 
same  singular  phenomenon  with  tin  that  it  does  with  some 
othci  metals;  it  is  not  decomposed  by  the  metal,  nor  does 
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it  produce  on  it  any  change.  But  if  somewhat  weaker,  or 
if  a little  water  is  added,  the  mutual  action  is  rapid  and 
violent,  dense  vapours  of  nitrous  acid  are  disengaged,  and 
die  tin  is  so  highly  oxidated,  that  it  is  not  dissolved,  and 
appears  scarcely  to  be  combined  with  any  of  the  acid.  If 
the  acid  is  more  largely  diluted,  a more  perfect  solution  is 
obtained,  though  still  attended  with  the  abundant  disen- 
gagement of  nitric  and  nitrous  oxides.  Such  is  the  avidity 
even  cf  this  metal  to  oxygen,  that  the  decomposition  of 
part  of  the  acid  is  complete  ; the  water  is  at  the  same  time 
decomposed  by  the  abstraction  of  its  oxygen,  and  the  ni- 
trogen of  the  one  and  hydrogen  of  the  other  being  evolved, 
are  presented  to  each  other  in  their  nascent  state,  unite 
and  form  ammonia,  with  which  a portion  of  the  acid  com- 
bines. In  the  solution  formed  with  the  concentrated  acid, 
the  metal  is  oxidated  to  the  maximum  ; when  a dilute  acid 
has  been  employed,  it  is  less  highly  oxidated ; it  is  not, 
however,  permanent,  but  continues  to  attract  oxygen  from 
the  acid,  so  as  to  become  at  length  insoluble. 

Muriatic  acid  dissolves  tin  slowly  in  the  cold,  and  more 
rapidly  when  heat  is  applied,  hydrogen  gas  being  disen- 
gaged : this  gas,  it  has  often  been  remarked,  has  a pecu- 
liar foetid  edour,  somewhat  approaching  to  the  arsenical 
odour  and  it  has  hence  been  supposed  to  hold  arsenic  dis- 
solved derived  from  the  tin ; it  is  more  probably  owing  to 
the  solution  of  a portion  of  tin  itself.  The  solution  ol’ mu- 
riate of  tin  deposites,  when  concentrated f needle-like  crys- 
tals, which  are  somewhat  deliquescent ; they  are  not  dis- 
solved in  water  without  being  partially  decomposed,  and 
sub-muriate  of  tin  precipitated.  In  this  combination,  the 
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tin  is  at  a low  degree  of  oxidation,  but  it  lias  a great  ten- 
dency to  pass  to  a more  highly  oxidated  state,  and  in  con- 
sequence of  this,  this  solution  acts  with  energy  on  a num- 
ber of  the  compounds  of  oxygen,  particularly  the  metallic 
salts,  decomposing  them  partially,  or  even  in  some  cases 
completely,  by  attracting  oxygen.  It  attracts  oxygen,  too, 
from  several  of  the  acids,  and  absorbs  it  from  the  air. 

The  muriate  of  tin,  at  the  maximum  of  oxidation,  is  pos- 
sessed, when  in  its  concentrated  state,  of  some  very  pecu- 
liar properties.  The  process  long  known  to  chemists,  by 
which  it  is  obtained  in  this  state,  consists  in  exposing  to 
heat  a mixture  of  an  amalgam  of  tin  and  quicksilver  with 
corrosive  muriate  of  mercury ; the  oxygen  and  muriatic 
acid  being  transferred  from  the  quicksilver  to  the  tin,  and 
the  muriate  of  tin  obtained  by  distillation.  It  forms  a 
dense  liquid*  which  exhales  vapours  when  exposed  to  the 
atmosphere ; these  consisting  of  the  muriate,  which,  in 
this  concentrated  state,  is  highly  volatile,  combining  with 
the  watery  vapour  of  atmospheric  air ; their  odour  is  acrid ; 
the  liquid,  on  being  presented  to  water,  combines  with  it 
with  a hissing  noise,  and  the  disengagement  of  an  elastic 
fluid.  When  combined  w ith  about  one-third  its  w’eight  of 
water,  it  forms  a solid  mass,  which  melts  on  the  applica- 
tion of  heat,  and  congeals  by  cold. 

Nitro-muriatic  acid  dissolves  tin  with  great  rapidity ; to 
obtain  a proper  solution,  it  is  even  necessary  that  the  ac- 
tion should  be  moderated  by  dilution  with  water,  and  by 
adding  the  metal  in  successive  portions  ; otherwise  it  is  so 
highly  oxidated,  as  scarcely  to  enter  into  combination  with 
the  acid.  The  Solution,  When  concentrated,  soon  acquires 
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a gelatinous  consistence,  and  at  length  becomes  firm. 
It  is  also  at  once  rendered  gelatinous  by  the  affusion  of 
water,  which  decomposes  it,  and  precipitates'  the  oxide, 
this  remaining  diffused  through  the  liquor,  and  rendering 
it  white  and  opaque.  This  solution  is  an  important  mor- 
dant in  the  art  of  dyeing,  rendering  several  colours,  parti- 
cularly scarlet,  more  brilliant  and  permanent. 

The  phosphoric,  - fluoric,  and  boracic  acids,  form  with 
the  oxides  of  tin  insoluble  compounds. 

The  alkalis  unite  with  oxidated  tin  ; when  employed  to 
decompose  the  salts  of  tin,  they  re-dissolve  the  precipitate 
when  added  in  excess  •,  and  after  some  time  a partial  de- 
composition is  produced  in  the  solution,  one  portion  of 
the  oxide  of  tin  passing  to  a more  highly  oxidated  state, 
while  the  portion  losing  this  oxygen  is  reduced,  and  ap- 
pears in  the  form  of  metallic  arborescence.  The  ternary 
compounds  of  oxide  of  tin,  with  portions  of  acid  and  of 
alkali,  are  even  capable  of  crystallizing.  The  alkalis  dissolve 
likewise  the  oxide,  independent  of  the  presence  of  any 
acid, — exerting,  in  conformity  to  the  law  already  stated,  the 
strongest  attraction  to  the  metal  in  its  more  highly  oxidat- 
ed state.  Some  of  these  combinations  likewise  crystallize. 

Tin  and  its  oxides  decompose  several  of  the  neutral 
salts,  especially  those  having  ammonia  for  their  base. 

Tin  and  sulphur  unite  easily  by  fusion  ; the  compound 
is  of  a grey  colour  with  metallic  lustre,  and  may  be  ob- 
tained crystallized  in  cubes ; with  oxide  of  tin  sulphur 
unites,  forming  a compound  of  a golden  colour  and  lustre, 
and  flaky  appearance,  named  aurum  musivwu , and  some- 
times used  for  ornamental  purposes.  It  may  be  formed 
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by  various  processes,  but  the  one  usually  followed  is  to 
melt  twelve  parts  of  tin  in  a crucible ; and  as  it  cools,  add 
three  parts  of  quicksilver,  completing  the  amalgamation 
by  trituration.  It  is  then  intimately  mixed  with  seven 
parts  of  sulphur  and  three  parts  of  muriate  of  ammonia  : 
the  mixture  is  exposed  to  heat  in  a matrass  as  long  as  any 
white  vapours  are  disengaged  : the  heat  is  then  moderately 
increased,  a little  sulphuret  of  mercury  and  muriate  of  tin 
sublime,  and  the  aurum  musivum  remains  at  the  bottom  of 
the  matrass. 

The  theory  of  the  formation  of  this  compound  is  intri- 
cate, but  it  appears  to  have  been  sufficiently  ascertained 
by  the  researches  of  Pelletier.  In  the  first  amalgamation 
and  trituration  of  the  mercury  and  tin,  the  latter  is  di- 
vided, and  in  some  degree  oxidated  ; when  the  mixture 
of  this  amalgam  with  the  sulphur  and  muriate  of  ammo- 
nia is  heated,  the  muriatic  acid,  by  a resulting  affinity, 
enables  the  tin  to  be  oxidated  by  decomposing  the  water, 
and  this  oxide  combines  with  the  muriatic  acid ; the  hy- 
drogen of  the  water  is  disengaged,  with  the  ammonia  of 
the  muriate  of  ammonia,  this  ammonia  uniting  with  a 
portion  of  the  sulphur,  and  forming  sulphuret  of  ammo- 
nia, which  being  disengaged,  causes  the  white  fumes. 
The  heat  being  now  augmented,  the  muriate  of  tin  is 
again  decomposed,  the  oxide  of  the  metal  attracts  a por- 
tion of  sulphur,  and  forms  the  aurum  musivum.  In  con- 
formity to  this  theory,  Pelletier  found  that,  by  combin- 
ing oxide  of  tin  and  sulphur  by  several  more  simple  pro- 
cesses, the  same  compound  is  formed. 

Sulphuret  of  potash  combines  with  tin  bylusion;  the 
compound  is  partly  soluble  in  water : if  an  acid  is  added  to 
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the  solution,  the  tin  is  precipitated  in  combination  with 
sulphuretted  hydrogen.  The  metal  is  tarnished  by  sul- 
phuretted hydrogen  gas,  and  the  alkaline  hydro-sulphu- 
rets  form  coloured  precipitates  with  its  saline  compounds. 

Tin  combines  with  phosphorus ; the  compound  has  the 
metallic  brilliancy,  is  of  a white  colour  and  foliated  tex- 
ture, and  so  soft  that  it  can  be  cut  with  a knife. 

With  the  greater  number  of  the  metals  tin  combines 
with  facility,  and  several  of  its  alloys  are  in  common  use. 
It  had  always  been  believed,  that  in  combining  with  gold 
it  destroys  its  ductility,  though  present  even  in  the  most 
minute  quantity.  From  the  experiments  of  Alchorne, 
this  appears  however  to  be  a mistake,  and  it  had  probably 
originated  from  the  operation  of  some  of  the  other  metals, 
which  the  tin  of  commerce  contains  in  small  quantity.  It 
has  also  been  supposed  to  destroy  the  ductility  of  silver, 
an  opinion  probably  resting  on  the  same  foundation.  It 
combines  with  platina,  and  amalgamates  easily  with  quick- 
silver ; when  the  proportion  of  quicksilver  is  only  one  fifth, 
the  alloy  is  solid  and  capable  of  crystallizing.  With  cop- 
per a series  of  valuable  alloys  are  formed,  bronze,  bell- 
metal,  and  others.  Bronze  is  the  one  in  which  the  pro- 
portion of  tin  is  smallest ; it  does  not  exceed  10  or  12  parts 
in  100;  it  is  harder  than  copper,  less  liable  to  rust,  and 
when  melted,  runs  thinner,  and  therefore  takes  a more 
delicate  impression  from  a mold  ; hence  its  adaptation  to 
the  fabrication  of  statues  and  ornamental  vessels.  The 
metal  of  which  pieces  of  artillery  arc  cast  is  of  similar 
composition.  An  alloy  nearly  of  the  same  composition 
was  in  use  among  the  ancients,  for  the  fabrication  of 
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swords,  darts,  and  other  warlike  instruments,  Dr  Pearson 
having  analyzed  different  ancient  instruments  of  this  kind, 
and  found  the  composition  to  be  eight  or  nine  parts  of  cop- 
per with  one  of  tin,  and  from  its  hardness  it  affords,  as 
he  remarks,  the  best -substitute  for  iron  or  steel.  Of  the 
same  alloy  ancient  medals  and  coins  appear  to  have  been 
often  formed.  When  the  proportion  of  tin  is  larger,  the 
alloy  becomes  more  brittle ; it  is  also  highly  sonorous  ; it 
then  forms  bell-metal.  With  the  tin  considerably  in- 
creased in  quantity  an  alloy  is  formed  nearly  white,  of  a 
close  texture,  susceptible  of  a fine  polish,  and  not  liable 
to  tarnish,  and,  from  these  qualities,  well  adapted  to  the 
purpose  to  which  it  has  been  applied,  that  of  forming  the 
speculum  of  reflecting  telescopes  ; the  addition  of  a small 
portion  of  arsenic  and  zinc  adds  to  the  density  and  white- 
ness. The  composition  recommended  from  the  latest  ex- 
periments, those  by  Mr  Little,  is  32  of  copper,  4 of  brass, 
16t  of  tin,  and  1|  of  arsenic.  Lastly,  from  the  affinity 
between  tin  and  copper,  the  latter  metal  can  be  covered 
Vyith  a thin  layer  of  the  former ; this  tinning  of  copper  is 
executed  by  applying  melted  tin  to  the  surface  of  the  cop- 
per, perfectly  clean  and  preserved  from  oxidation  at  the 
temperature  to  which  it  is  raised  by  the  application  of  mu- 
riate of  ammonia,  or  sometimes  of  pitch  $ by  this  covering 
the  noxious  impregnation  which  might  be  communicated 
from  copper-vessels  to  liquors  boiled  or  preserved  in  them, 
is  supposed  to  be  prevented,  though,  as  the  coating  is  thin 
and  easily  eroded,  it  may  be  doubted  if  it  affords  any  se- 
curity. 

1 in  and  iron  unite  by  fusion,  forming  alloys  with  pro- 
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perties  in  some  measure  intermediate  according  to  the  pro- 
portions. Plates  of  iron  immersed  in  melted  tin  unite 
with  it  at  both  surfaces,  forming  tinned  iron,  which,  in 
the  fabrication  of  small  vessels,  has  the  advantages  over 
iron  of  being  more  flexible,  less  liable  to  rust,  and  easily 
united  by  solder.  Tin  and  lead,  differing  little  in  their 
fusibilities,  can  be  united  in  all  proportions,  and  the  com- 
pounds are  nearly  intermediate  in  physical  properties, 
but  more  fusible.  Pewter  is  an  alloy  of  this  kind,  with 
the  addition  sometimes  of  a little  copper  and  zinc.  Equal 
parts  of  tin  and  lead  form  soft  solder. 

The  amalgam  of  tin  is  used  as  a covering  to  glass  mir- 
rors, to  enable  them  to  reflect  the  light,  and  glass  globes 
are  sometimes  coated  internally  by  a similar  amalgam. 

It  is  in  the  formation  of  these  alloys  that  tin  is  princi- 
pally employed.  Its  oxides  are  used  in  enamelling,  and 
to  polish  the  metals  •,  and  its  solution  in  nitro-muriatic  acid 
is  a valuable  mordant  in  the  processes  of  dyeing. 


CIIAP.  XIII. 

OF  ZINC. 

Zinc  is  a metal  which  appears  to  have  been  discovered 
daring  the  researches  of  alchemy.  It  exists  in  nature  mi- 
neralized by  oxygen,  with  or  without  carbonic  acid,  and 
by  sulphur.  From  the  first  of  these  ores,  the  calamine  of 
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mineralogists,  it  is  extracted  by  a process  founded  on  its 
volatility.  The  calamine,  calcined  with  a low  heat,  is  mixed 
with  charcoal  powder  ; the  mixture  is  put  into  conical  pots 
closed  at  the  head,  a tube  which  rises  nearly  to • the  top 
within  descending  through  the  bottom,  and  terminating  in 
a vessel  of  water  beneath.  A sufficient  degree  of  heat  is 
applied  around  the  pot,  the  oxide  of  zinc  is  reduced,  and 
the  metal  volatilized  is  condensed  at  the  termination  of  the 
tube. 

Zinc  is  ol  a bluish-wliite  colour,  accompanied  in  the 
fresh  fracture  with  considerable  lustre,  but  liable  to  tarnish 
from  exposure  to  the  air  ; its  texture  is  striated,  it  is  hard, 
and  has  a specific  gravity  of  7.2.  It  was  usually  placed 
among  the  semi-metals,  as  having  little  ductility  or  mallea- 
bility ; it  was  always  known,  however,  to  have  these  pro- 
perties to  a certain  extent ; and  more  lately  it  has  been 
shewn  by  Mr  Silvester,  that  at  a certain  temperature,  it 
can  both  be  drawn  into  wire,  and  extended  in  thin  plates, 
so  as  to  be  applied  to  purposes  of  utility  founded  on  these 
properties.  The  temperature  at  which  this  can  be  effected 
is  between  210  and  300  of  Fahrenheit;  and  by  annealing, 
it  retains  its  tenacity  when  cold,  so  as  to  admit  of  being 
easily  bent.  At  a higher  temperature  it  is  brittle. 

Zinc  melts  nearly  at  ignition,  and,  when  heated  to  a 
higher  point,  is  volatilized  unchanged.  If  the  air  is  ad- 
mitted to  it  when  in  fusion,  its  surface  is  covered  with  a 
grey  oxide,  and,  if  heated  fully  to  ignition,  the  oxidation 
becomes  more  rapid,  and  is  attended  with  a vivid  light, 
and  considerable  heat ; an  oxide  is  formed  in  light  white 
ffocculi,  which  are  in  part  carried  off'  by  the  rapid  current 
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of  heated  air  arising  from  the  surface  of  the  burning  metal. 
The  oxide  itself  is  not  volatile,  but  vitrifies  when  urged 
by  an  intense  heat,  forming  a transparent  glass  of  a yellow 
colour.  The  oxide  formed  by  the  rapid  oxidation  consists 
of  80  of  zinc  and  20  of  oxygen  ; in  its  vitrification  it  loses 
a little  oxygen,  so  as  to  contain  not  more  than  11  of  oxy- 
gen in  100  parts. 

Zinc  is  scarcely  sensibly  acted  on  by  water  at  a low  tem- 
perature, but  at  a temperature  approaching  to  ignition, 
decomposes  it,  attracting  oxygen. 

It  is  oxidated  and  dissolved  with  facility  by  the  greater 
number  of  the  acids.  Sulphuric  acid,  in  its  concentrated 
state,  requires  the  aid  of  heat.  When  diluted,  it  acts  on 
the  metal  rapidly  in  the  cold,  enabling  it  to  decompose  the 
water,  and  hence  the  solution  is  attended  with  a copious 
production  of  hydrogen  gas.  The  solution,  when  con- 
centrated, is  of  a thick  consistence,  and  affords  in  a short 
time  slender  prismatic  crystals  of  sulphate  of  zinc.  This 
crystallized  salt  consists  of  40  of  oxide,  20.5  of  acid,  and 
39  of  water.  It  is  soluble  in  three  times  its  weight  ol 
water  at  60°,  and  in  its  own  weight  at  212°.  The  white 
vitriol  of  the  shops  is  a sulphate  of  zinc  not  crystallized. 
It  is  prepared  on  a large  scale  from  sulphuret  of  zinc,  cal- 
cined, moistened,  and  exposed  to  the  action  of  the  air ; 
the  zinc  is  oxidated,  the  sulphur  is  converted  into  sulphu- 
ric acid,  and  the  materials,  by  lixiviation,  afford  the 
sulphate  which,  by  evaporation,  is  obtained  in  the  state  of 
a white  granular  mass  •,  it  generally  has  a sensible  impreg- 
nation of  iron. 

Nitric  acid  is  decomposed  by  zinc  with  great  rapidity; 
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by  using  a dilute  acid,  a solution  is  obtained,  which,  by 
evaporation  and  cooling,  crystallizes  in  slender  prisms,  de- 
liquescent, and  readily  soluble  both  in  water  and  alkohol. 

Muriatic  acid  likewise  dissolves  this  metal  rapidly,  by 
enabling  it  to  attract  oxygen  from  the  water,  and  combin' 
ing  with  the  oxide.  The  solution  becomes  gelatinous  on 
evaporation,  without  affording  crystals ; and  when  the  dry 
mass  is  urged  by  heat,  it  is  partly  sublimed,  partly  decom- 
posed. Phosphoric  acid  likewise  dissolves  zinc,  by  ena- 
bling it  to  decompose  water  so  as  to  be  oxidated ; and  this 
solution  does  not  crystallize,  but  rather  becomes  gelati- 
nous on  evaporation.  Even  fluoric  acid,  which  acts  on 
few  of  the  metals,  causes  the  oxidation  of  zinc  by  water, 
and  dissolves  the  oxide.  Boracic  acid,  combined  with  the 
oxide  by  a double  affinity,  forms  an  insoluble  compound. 
Carbonic  acid,  combined  with  water,  dissolves  it  in  small 
quantity. 

The  salts  of  zinc  are  decomposed  by  the  alkalis  and 
earths.  II  an  excess  of  alkali  be  added,  the  precipitate  is 
re-dissolved,  and  on  this  is  founded  a method  of  analvzing 
brass,  which  is  an  alloy  of  zinc  and  copper,  the  brass  be- 
ing dissolved  in  diluted  nitric  acid,  the  solution  being  de- 
composed by  an  alkali,  and  the  precipitate,  which  consists 
of  the  oxides  of  zinc  and  copper,  after  being  dried  and 
weighed,  being  submitted  to  the  action  of  solution  of  pot- 
ash, by  which  the  oxide  of  zinc  is  dissolved,  while  the 
oxide  of  copper  remains  undissolved.  The  fixed  alkalis 
even  act  on  metallic  zinc,  promote  its  oxidation  by  w'ater 
or  atmospheric  air,  and  dissolve  the  oxide. 

This  metal,  having  so  strong  an  attraction  to  oxygen. 
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decomposes  the  greater  number  of  the  metallic  salts,  pre- 
cipitating the  metal  which  is  their  base  in  its  metallic  form. 

It  is  soluble  in  small  proportion  in  hydrogen  gas. 
With  carbon  it  does  not  combine  in  any  considerable 
quantity  ; but  the  zinc  of  commerce,  during  its  solution  in 
diluted  sulphuric  acid,  deposites  a black  powder,  which 
has  been  supposed  to  consist  chiefly  of  carbonaceous  mat- 
ter. Neither  can  zinc  be  united  with  sulphur,  though 
the  compound  exists  in  nature.  When  oxidated,  how- 
ever, it  unites  with  sulphur,  forming  a compound  of  a 
brown  colour,  and  volatile.  The  alkaline  sulphurets  do  not 
dissolve  it.  Sulphuretted  hydrogen  throws  down  a white 
precipitate  from  the  solutions  of  its  salts.  With  phos- 
phorus it  combines,  forming  a compound  of  a white  co- 
lour, with  metallic  lustre,  malleable,  and  which  burns 
when  heated  with  the  admission  of  the  air.  Phosphorus 
unites  too  with  oxide  of  zinc,  the  compound  being  vola- 
tile, and  being  capable  of  being  obtained  by  sublimation 
in  needle-like  crystals  of  a white  or  bluish  colour,  with 
metallic  lustre,  and  highly  inflammable. 

Zinc  combines  in  general  with  the  other  metals.  It 
impairs,  even  when  added  in  very  minute  quantity,  the 
ductility  of  gold  and  silver,  rendering  them  also  more  hard. 
With  quicksilver  it  forms  a granular  mass,  which,  when 
solid,  can  be  crystallized.  With  copper,  a series  of  alloys 
are  formed,  the  most  extensively  used  of  any  of  the  com- 
pound metals.  The  combination  is  not  easily  formed  di- 
rectly, owing  to  the  wflatility  of  the  zinc  ; it  is  therefore 
usually  effected  by  the  process  named  cementation,  cop- 
per-plates being  stratified  with  calamine  in  powder  mixed 
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with  charcoal,  and  exposed  to  the  necessary  heat;  the  zinc 
ot  the  calamine  is  reduced  by  the  charcoal  abstracting  the 
oxygen  with  which  it  is  united,  and  unites  with  the  cop- 
per ; and  this  alloy  being  fusible,  can  be  combined  easily 
with  additional  proportions  of  copper  or  zinc.  Brass  is 
of  these  alloys  the  one  which  contains  the  largest  quanti- 
ty of  zinc,  the  proportion  being  one  to  three  of  copper  ; 
it  has  the  advantage,  from  being  more  fusible  than  copper, 
of  being  more  easily  cast,  and  it  is  less  liable  to  tarnish  ox- 
rust.  With  a larger  proportion  of  copper,  the  colour 
approaches  more  to  red  ; pinchbeck,  tombac,  and  princes 
metal,  are  alloys  of  this  kind.  Zinc  does  not  easily  com- 
bine with  iron,  from  the  very  high  temperature  required  to 
melt  the  iron  ; but  when  iron  plates  are  immersed  in  melt- 
ed zinc,  the  metals  enter  into  combination  at  the  surface. 
It  combines  easily  with  lead  and  with  tin,  forming  alloys 
harder  than  these  metals. 

It  is  principally  in  the  formation  of  the  alloys  with  cop- 
per that  zinc  is  employed  ; since  the  discovery  of  the  prac- 
ticability of  extending  it  in  thin  sheets,  it  has  also  been 
proposed  to  substitute  it  for  some  of  the  purposes  to  which 
lead  is  applied.  Some  of  its  preparations  are  employed  in 
medicine. 
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CHAP.  XIV. 

OF  NICKEL. 

Cro nstedt  discovered  tlds  metal,  having  extracted  it 
from  its  principal  ore,  the  knpfer-nickel  of  mineralogists,  in 
which  it  exists  combined  with  arsenic,  and  a small  portion 
of  sulphur.  It  had  usually  been  ranked,  from  its  brittle- 
ness, among  the  semi-metals  ; but.  more  recent  researches, 
particularly  those  of  Richter,  have  shewn  that  this  brittle- 
ness is  generally  owing  to  the  presence  of  arsenic,  and 
that  when  obtained  free  from  alloy,  it  is  both  ductile  and 
malleable.  It  is  extracted  from  the  kupfer-nickel  by  calcin- 
ing the  ore  to  expel  the  volatile  matter  $ the  residual  sub- 
stance is  mixed  with  twice  its  weight  of  black  flux,  and 
is  melted  by  applying  the  intense  heat  of  a forge  ; a metal- 
lic button  is  thus  obtained,  composed  of  the  nickel  alloyed 
with  small  portions  of  other  metals.  These  it  is  difficult  to 
abstract  entirely,  and  complicated  processes  are  therefore 
required  to  obtain  nickel  perfectly  pure. 

When  obtained  in  a state  of  purity,  it  is  of  a white  co- 
lour intermediate  between  that  of  silver  and  tin,  with  con- 
siderable lustre ; in  its  usual  state  the  colour  has  a red- 
dish tint ; it  is  hard,  but  has  so  much- malleability  as  to 
be  capable  of  being  forged  into  very  thin  plates  : its  spe- 
cific gravity  isa8.G.  It  is  very  sensibly  magnetic,  a pro- 
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perty  -which  had  been  supposed  to  depend  on  the  presence 
of  iron.  But  it  appears  to  be  sufficiently  established  that 
it  belongs  to  nickel  itself,  for  instead  of  becoming  weaker 
as  the  metal  is  purified,  it  becomes  stronger,  and  at  length 
is  so  strong,  that  if  it  arose  from  the  presence  of  iron,  it 
would  be  necessary  to  suppose  that  the  iron  amounts  to 
one  half  its  weight,  though  at  the  same  time  no  traces  of 
it  are  discoverable  by  chemical  tests.  The  effect  of  the 
magnet  on  pure  nickel  is  little  inferior  to  that  on  iron  ; it 
can  also  be  rendered  magnetic,  and  magnetic  needles  have 
been  constructed  of  it,  which  have  the  advantage  of  not 
being  liable  to  rust. 

Nickel  is  extremely  infusible ; it  is  imperfectly  aggluli- 
nated  even  in  the  heat  which  melts  malleable  iron.  When 
submitted  to  a high  temperature  under  exposure  to  at- 
mospheric air,  it  is  oxidated,  though  with  difficulty ; by 
submitting  it  to  heat  mixed  with  nitre,  its  oxidation  is 
effected  with  more  facility.  Its  oxide  is  of  an  apple-green 
colour,  and  is  obtained  of  the  same  colour  by  precipita- 
tion from  some  of  its  saline  combinations.  This  is  the 
oxide  at  the  minimum  of  oxidation ; when  exposed  to  a 
continued  red  heat,  or  to  the  action  of  oxy-muriatic  acid, 
it  passes  to  a higher  state  of  oxidation,  becomes  of  :i 
black  colour,  and  when  acted  on  by  acids,  is  reduced  again 
to  a lower  state  of  oxidation,  a portion  of  oxygen  being 
expelled. 

Nickel  is  oxidated  and  dissolved  by  the  acids  ; it«  salts 
are  usually  of  a green  colour.  Sulphuric  acid  requires  the 
aid  of  heat ; and  by  evaporation  of  the  solution,  crystals  of  a 
pale  green  colour  are  obtained.  Nitric  acid  forms  a solu- 
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lion  of  a rich  green  colour,  and  rhomboidal  crystals  of  the 
same  colour  are  formed  on  evaporation.  Muriatic  acid 
acts  more  weakly  on  the  metal,  but  dissolves  its  oxide,  and 
likewise  affords  crystals  of  the  same  colour.  Nitro-muria- 
tic  forms  the  same  salt  with  more  facility.  Phosphoric  acid 
scarcely  combines  even  with  the  oxide.  Fluoric  acid  dis- 
solves it.  Boracic  acid  does  not  directly  combine  with  it, 
but  the  combination  may  be  effected  by  the  exertion  of  a 
double  affinity.  Carbonic  acid  is  united  with  the  oxide  by 
a similar  method  ; the  carbonate,  of  an  apple-green  colour, 
is  decomposed  by  heat. 

The  salts  of  nickel  are  decomposed  by  the  alkalis  and 
earths,  and  precipitates  of  a green  colour  thrown  down. 
When  the  alkali  is  added  in  excess,  the  precipitate  is  re- 
dissolved;  The  pure  oxide  is  likewise  soluble  in  the  alka- 
line solutions  ; the  solution  in  liquid  ammonia  is  of  a rich 
blue  colour,  similar  to  that  of  copper  in  the  same  alkali ; 
but  what  has  been  pointed  out  as  very  characteristic  of 
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nickel,  is  that  the  colour  gradually  changes  to  a purple, 
and  lastly  to  a violet ; the  violet,  by  the  addition  of  an  acid, 
is  changed  to  a green  ; but  by  again  adding  ammonia,  the 
blue  colour  is  restored.  An  effect  rather  singular,  is  the 
precipitation  of  the  oxide  of  nickel  from  liquid  ammonia 
by  potash  or  soda. 

Nickel  combines  with  sulphur  by  fusion,  forming  a 
compound  of  a yellow  colour,  hard  and  brittle ; with  phos- 
phorus it  unites  ; the  compound  is  of  a white  colour,  with 
metallic  lustre,  and  has  a crystalline  texture. 

With  the  other  metals  it  forms  alloys,  but  as  the  nickel 
has  been  employed  in  their  formation  in  its  usual  impure 
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state,  their  properties  are  scarcely  be  considered  as  known. 
Its  oxide  combines  by  fusion  with  the  vitrifiable  earths,  and 
forms  glasses  of  a hyacinthine  colour. 


CHAP.  XV. 

OF  COBALT. 

The  ores  of  this  metal  had  been  long  employed,  from  a' 
property  belonging  to  it,  of  giving  a blue  colour  to  glass. 
The  metal  itself  was  first  extracted  by  Brandt,  and  its  pro- 
perties were  examined  by  Bergman.  It  occurs  in  nature 
alloyed  with  arsenic,  nickel,  and  other  metals,  and  mine- 
ralized likewise' by  oxygen,  and  by  arsenic  acid.  It  is  ob- 
tained after  the  ore  has  been  roasted  and  calcined,  in  the 
state  of  an  oxide  impure  from  the  presence  of  other  me- 
tallic oxides.  This,  with  an  intermixture  of  siliceous 
earth,  forms  the  zaflPrc  of  commerce.  When  mixed  with 
thrice  its  wreight  of  black  flux,  a little  sea  salt  and  oil,  and 
urged  with  an  intense  heat,  it  is  reduced,  and  affords  me- 
tallic cobalt,  alloyed,  however,  with  portions  of  arsenic, 
nickel,  and  generally  of  iron.  To  free  it  from  these  is 
difficult,  and  very  complicated  processes  are  required. 

When  cobalt  is  obtained  in  a state  of  purity,  it  is  of  a 
white  colour  inclining  to  grey,  and  il  tarnished  to  red, 
with  moderate  lustre j its  fracture  is  compact;  it  is  hard 
and  brittle ; its  specific  gravity  is  7.8.  Like  nickel,  it  is 
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sensibly  magnetic  ; and  this  even  as  powerfully  as  iron,  arid 
when  it  has  been  purified,  so  that  no  traces  oi  that  metal 
are  discoverable  by  tests,  by  which  a minute  portion  of 
it  intentionally  added  was  detected. 

Cobalt  requires  a very  intense  heat  to  melt  it ; its  fus- 
ing point  has  been  estimated  at  130  of  Wedgwood’s  scale. 
At  a temperature  much  inferior  to  this,  it  suffers  oxidation 
from  the  action  of  the  air : the  oxide  is  of  a deep  blue  co- 
lour ; a precipitate  of  a similar  colour  is  thrown  down  from 
its  saline  compounds  by  the  alkalis.  This,  when  exposed 
to  the  air  in  a humid  state,  appears  to  absorb  oxygen  ; it 
assumes  an  olive  colour,  and  when  heated  in  contact  with 
the  air,  it  becomes  brown,  and  at  length  nearly  black. 
The  oxide  at  the  minimum  has  been  stated  by  Proust  to 
contain  19  of  oxygen,  that  at  the  maximum  24  of  oxygen 
in  100  parts.  1 

The  acids  oxidate  cobalt,  or  combine  with  its  oxides. 
Wh  sulphuric  acid  is  boiled  on  it,  sulphurous  acid  is 
disengaged,  and  a saline  matter  obtained  of  a reddish  co- 
lour, which  is  sulphate  of  cobalt.  This,  when  dissolved, 
affords,  by  evaporation,  acicular  crystals  of  a reddish 
tinge  Nitric  acid  oxidates  and  dissolves  the  metal  in  the 
cold  ; the  solution  is  of  a red  colour,  and  affords  on  eva;  o- 
ration  minute  prismatic  crystals,  which  are  deliquescent. 
Muriatic  acid,  to  act  on  cobalt,  requires  the  application 
of  heat;  it  dissolves  the  oxide  more  readily,  forming  a so- 
lution of  a reddish  tinge,  and  which  by  evaporation  af- 
fords needle-like  crystals  of  the  same  colour.  Phosphoric 
acid  forms  with  its  oxide  a red-coloured  solution,  which, 
when  saturated,  is  turbid.  Fluoric  acid  gives  a gelatinous 
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solution.  Boracic  and  carbonic  acids  arc  combined  with 
it  by  the  process  of  double  affinity,  and  form  compounds 
of  sparing  solubility. 

The  solutions  of  the  salts  of  cobalt  afford  a sympathetic 
ink,  lines  traced  with  them  on  paper  being  invisible  when 
cold,  but  becoming  green  when  heated,  the  green  colour 
disappearing  again  as  the  paper  cools.  The  solution  usu- 
ally employed  for  this  purpose,  is  prepared  by  dissolving 
one  part  of  zaffire  in  two  of  diluted  nitric  acid,  with  the 
aid  of  heat,  adding  to  it  muriate  of  soda  one  part,  and 
diluting  it  with  twenty  parts  of  water.  A red  sympathe- 
tic ink  is  said  to  be  formed  by  dissolving  pure  oxide  of  co- 
balt in  pure  acetic  acid  ; and  a purple  one  by  dissolving  it 
in  distilled  vinegar,  and  adding  to  the  solution  muriate  of 
soda. 

The  salts  of  cobalt  are  decomposed  by  the  alkalis  and 
earths,  precipitates  being  thrown  down  of  a red  tinge ; or, 
according  to  Thenard,  if  the  cobalt  is  perfectly  pure,  of  a 
blue  colour.  By  an  excess  of  alkali,  they  are  re-dissolved, 
particularly  when  ammonia  is  employed,  and  the  oxide  is 
at  the  minimum  of  oxidation.  It  vitrifies  with  siliceous 
earth,  forming  a substance  of  a deep  blue  colour,  the 
smalt  of  commerce. 

Cobalt  docs  not  combine  with  sulphur  by  fusion,  but  is 
dissolved  by  the  alkaline  sulphurets.  With  phosphorus  it 
unites,  forming  a compound  of  a white  colour  and  metallic 
lustre,  brittle,  and  of  a striated  texture. 

It  forms  alloys  with  a number  of  the  metals,  but  none 
applied  to  any  use.  Gold  and  silver  it  renders  quite  blit- 
tic.  It  does  not  amalgamate  with  quicksilver.  W ith  cop- 
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per  it  forms  an  alloy,  white,  hard,  and  brittle ; with  iron, 
one  of  a close  grain,  and  very  hard.  It  combines  with  lead 
in  different  proportions,  the  alloy,  when  the  proportion  of 
cobalt  is  considerable,  being  brittle  and  hard : with  tin  it 
forms  a compound  metal,  of  a violet  colour,  and  close 
grain.  It  does  not  combine  with  zinc. 

Cobalt  is  principally  employed  to  give  a blue  colour  to 
glass,  a portion  of  its  oxide  being* fused  with  the  glass.  Its 
oxide  is  applied  by  the  proper  flux  to  give  the  blue  colour 
ip  painting  on  porcelain. 


CHAP.  xvr. 

OF  MANGANESE. 

This  metal  occurs  in  nature  in  the  state  of  oxide,  and 
this  oxide  had  been  used  in  some  arts,  particularly  in  the 
manufacture  of  glass,  to  render  it  free  from  colour,  before 
its  nature  was  known.  Schecle  and  Bergman,  from  an 
examination  of  it,  inferred  that  it  is  the  oxide  of  a pecu- 
liar metal,  and  this  metal  has  since  been  procured  in  its 
pure  form.  The  process,  however,  is  extremely  difficult, 
from  the  intense  heat  that  is  required.  The  oxide  reduced 
to  powder,  is  made  into  a paste  with  a small  quantity  of 
oil  and' charcoal,  and  being  imbedded  in  charcoal  powder, 
is  exposed  to  the  most  intense  heat  which  the  most  power- 
ful furnace  can  raise.  To  obtain  it  more  free  from  iron. 


OF  MANGANESE. 


ir?4 

the  oxide  may  be  previously  dissolved  in  diluted  nitric 
acid,  adding  a little  sugar,  •which  is  necessary  to  promote 
the  solution  ; this  solution  is  decomposed  by  carbonate  of 
soda  the  white  precipitate  of  carbonate  of  manganese  be- 
ing dried,  is  decomposed  in  the  manner  above  described. 
The  metal  can  scarcely  be  obtained  but  in  small  globules. 
In  this  state  it  is  of  a greyish-white  colour,  with  moderate 
lustre,  which  tarnishes,  however,  on  exposure  to  the  air  ; 
its  texture  is  granular,  it  is  brittle  and  hard,  its  specific 
gravity  is  6.8.  Some  of  the  globules  split  and  fall  to  pow- 
der on  exposure  to  the  air,  while  others  retain  their  me- 
tallic form ; the  change  in  the  former  has  been  ascribed 
to  the  presence  of  a portion  of  carbon,  which  absorbing 
ox)  sn,  the  cohesion  is  subverted. 

When  metallic  manganese  is  exposed  to  heat  in  contact 
with  the  air,  it  passes  rapidly  through  different  stages  of 
oxidation,  becoming  grey,  yellow,  red,  brown,  and  at 
length  black  ; this  black  oxide  being  the  metal  at  the 
maximum  of  oxidation,  and  the  same  with  the  native  oxide. 
Bv  precipitation  from  some  of  its  saline  Compounds,  an 
oxide  nearly  white  is  obtained,  in  which  the  metal  appears 
t > be  at  the  minimum  of  oxidation  ; the  white  oxide,  ac- 
cording to  Bergman,  consists* of  80  of  manganese,  and 
20  of  oxygen  ; the  black  oxide,  according  to  Fourcroy, 
of  60  of  manganese,  and  40  of  oxygen,  and  the  scries  be- 
tween these  is  probably  indefinite.  The  white  oxide  ab- 
sorbs oxygen  when  exposed  to  the  air,  especially  when 
lleated  a little  ; the  black  oxide,  on  the  contrary,  at  a tem- 
perature above  ignition,  gives  out  a portion  of  oxjgen 
gas,  the  quantity  being  larger  as  the  heat  is  more  intense  $ 
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it  is  thus  converted  into  oxides  of  different  shades  of 
brown  and  grey.  The  affinity  of  the  metal  to  oxygen  be- 
coming more  powerful  as  the  decomposition  proceeds, 
from  the  increase  in  its  relative  quantity,  it  is  at  length  ca- 
pable of  counteracting  the  effect  of  the  elevated  tempera- 
ture, and  it  is  scarcely  possible,  by  any  intensity  of  heat, 
to  reduce  it  to  the  state  of  the  white  oxide. 

Manganese  being  not  easily  procured  in  its  metallic 
form,  its  relations  to  the  acids  have  been  examined  prin- 
cipally in  their  actions  on  its  oxides  ; and  these  display  ex- 
tremely well  the  effects  of  particular  degrees  of  oxida- 
tion on  these  relations.  In  general  it  appears,  that  the 
black  oxide  is  too  highly  oxidated  to  combine  with  the 
acids ; and  hence  the  necessity  of  its  de-oxidation  in  esta- 
blishing these  combinations. 

Thus,  when  sulphuric  acid  is  brought  to  act  on  the 
black  oxide,  by  applying  a moderate  heat,  it  does  not  di- 
rectly combine  with  the  oxide,  but  decomposes  it,  a con- 
siderable portion  of  its  oxygen  is  separated,  and  assumes 
the  elastic  form,  and  with  the  oxide  thus  reduced  in  its  de- 
gree of  oxidation,  the  acid  combines.  This  sulphate  of 
manganese  is  soluble  in  water ; when  obtained  neutral,  it 
becomes  gelatinous,  forming  at  the  same  time  small  crys- 
tals. 1 he  alkalis  throw  down  from  it  a reddish-yellow  pre- 
cipitate. The  oxide  existing  in  it  appears  to  be  not  alto- 
gether at  the  minimum  of  oxidation.  The  salt  formed  by 
the  action  of  sulphuric  acid  on  metallic  manganese,  is  ra- 
ther in  that  state ; it  is  colourless,  affords  by  evaporation 
rhomboidal  crystals,  and  gives  a white  precipitate  when 
decomposed  by  the  alkalis.  It  is  obtained  in  a similar 
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state,  by  digesting  the  black  oxide  with  sulphuric  acid, 
and  a portion  of  carbonaceous  matter,  as  sugar,  which  at- 
tracts the  excess  of  oxygen  from  the  salt.  Sulphurous 
acid  forms  a similar  combination. 

Nitric  acid  does  not  dissolve  the  black  oxide  of  manga- 
nese, but  if  any  substance  is  added  which  attracts  oxygen 
from  the  acid,  this  enables  it  to  re-act  on  the  oxide,  and 
reduce  its  state  of  oxidation,  and  then  the  solution  is  ef- 
fected. A little  alkohol  or  sugar  has  this  effect,  or,  as 
Scheele  shewed,  exposing  the  acid  with  the  oxide  to  the 
solar  rays.  The  solution  formed  in  these  cases  is  colour- 
less, and  when  decomposed  by  the  alkalis,  gives  a white 
precipitate. 

Muriatic  acid  is  equally  incapable  of  combining  directly 
with  the  black  oxide,  but,  according  to  the  theory  usually 
given  of  its  action,  it  de-oxidates  it,  one  portion  of  the  acid 
passes  to  the  state  of  oxy-muriatic  acid,  which  escapes  in  the 
elastic  form,  while  another  portion  of  the  acid  combines 
with  the  oxide  thus  reduced  in  the  degree  of  oxidation.  On 
this  depends,  indeed,  the  conversion  of  muriatic  into  oxy- 
muriatic  acid,  by  the  black  oxide  of  manganese.  The 
muriate  of  manganese  is  colourless,  and  affords  by  evapo- 
ration a soft  deliquescent  mass  ; when  decomposed  by  the 
alkalis,  it  gives  a yellowish-white  precipitate. 

The  phosphate,  fluatc,  and  borate  of  manganese,  are 
most  easily  formed,  by  adding  to  the  solution  of  the  mu- 
riate or  nitrate  of  the  metal,  a solution  of  any  neutral  salt 
containing  any  of  these  acids  ; being  insoluble,  they  are 
precipitated.  Carbonate  of  manganese  may  be  formed  by 
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a similar  process  ; and  a portion  of  the  oxide  is  even  dis- 
solved by  water  impregnated  with  carbonic  acid. 

The  salts  of  manganese  suffer  decomposition  from  the 
alkalis,  which  precipitate  the  oxide  retaining  perhaps  a 
little  of  the  acid  with  which  it  is  combined.  They  are  not 
decomposed  by  the  inflammables  or  the  other  metals,  a 
proof  of  the  strength  of  affinity  of  manganese  to  oxygen. 

The  fixed  alkalis  combine  with  black  oxide  of  manga- 
nese, when  their  mutual  action  is  promoted  by  heat.  The 
compound  is  soluble  in  water,  and  during  its  solution  ex- 
hibits rapid  changes  of  colour,  the  liquor  being  first  green, 
then  changing  to  a purple  and  violet,  and  becoming  after 
some  time  colourless  : it  is  also  rendered  colourless,  at  once 
by  a few  drops  of  nitric  acid.  These  changes  are  probably 
owing  to  rapid  changes  of  oxidation  ; the  compound  to  pro- 
duce them  is  best  obtained  by  calcining  d mixture  of  one 
part  of  the  black  oxide  with  three  parts  of  nitre. 

Oxide  of  manganese  combines  with  those  earths  capable 
of  vitrification,  and  with  their  vitrifiable  compounds,  and 
communicates  to  the  glasses  they  form  a violet  tinge: 
it  communicates  the  same  colour  to  borax,  and  other  vitri- 
fiable salts. 

• Manganese  cannot  be  combined  with  sulphur ; the  oxide, 
heated  with  sulphur,  forms  a yellowish-green  mass,  which, 
when  acted  on  by  acids,  produces  sulphuretted  hydrogen. 
It  unites  with  phosphorus,  and  forms  a compound  ol  a 
white  colour  and  metallic  lustre,  of  a granular  texture, 
brittle  and  fusible. 

Manganese,  from  its  infusibility,  cannot  be  combined 
with  many  of  the  metals.  It  shews  a considerable  affinity 
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to  iron,  occurring  frequently  combined  with  it  in  nature, 
and  being  capable  of  being  combined  with  it  artificially, 
when  it  forms  an  alloy  white  and  brittle  : it  is  contained 
too  in  those  ores  of  iron  best  adapted  to  the  fabrication  of 
steel,  and  is  supposed  to  improve  the  quality  of  steel. 

The  metal  is  applied  to  no  use  in  its  metallic  form.  The 
blac!  oxide  is  employed  by  the  chemist,  as  affording  by 
the  most  economical  process  oxygen  ; and  in  the  formation 
of  some  chemical  compounds,  particularly  the  oxy-muria- 
1 1 acid,  it  is  used  with  the  same  view.  It  has  long  been 
used  in  the  art  of  glass-making,  to  counteract  the  green 
tinge  communicated  by  the  iron  contained  in  the  materials, 
an  effect  it  produces  by  yielding  oxygen  to  the  oxide  of 
iron,  and  bringing  it  to  a high  degree  of  oxidation  ; in  a 
larger  quantity  added  to  glass,  it  gives  a purple  colour.  It 
is  also  used  to  give  a black  colour  to  earthen  ware. 


CHAP.  XVII. 

OF  ARSENIC. 

The  name  Arsenic  is  in  common  language  applied  to  the 
oxide  of  a metal,  to  which  in  the  chemical  nomenclature 
it  is  appropriated.  This  oxide,  obtained  by  sublimation 
fiom  certain  metallic  ores,  particularly  those  of  cobalt,  was 
known  long  before  the  method  of  obtaining  the  metal  from 
it  had  been  discovered.  This  was  made  known  by  Lcmery 
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and  Schroeder.  It  is  sufficiently  simple,  consisting  mere- 
ly in  mixing  the  oxide  with  twice  or  thrice  its  weight  of  tne 
black  flux,  and  exposing  the  mixture  in  a retort  or  glass 
tube,  or  in  a crucible  to  which  another  is  adapted,  to  a 
heat  gradually  raised  to  ignition  ; the  oxygen  of  the  oxide 
is  abstracted  by  the  carbonaceous  matter,  and  the  metallic, 
arsenic  is  sublimed. 

This  metal  is  of  a bluish-grey  colour,  with  considerable 
lustre,  which,  however,  is  soon  tarnished  from  exposure 
to  the  air.  Its  texture  is  distinctly  broad  striated,  and  it 
is  extremely  brittle,  so  as  to  be  easily  reduced  to  powder. 
Its  specific  gravity  has  been  stated  at  5.763,  and  also  at 

8.310. 

It  is  so  volatile  that  its  fusion  cannot  easily  be  accom- 
plished. It  passes  into  vapour  when  heated  to  about  388° 
of  Fahrenheit.  When  condensed  slowly,  it  forms  octahe- 
dral crystals.  In  the  state  of  vapour  it  has  a strong  and 
peculiar  smell,  which  has  often  been  compared  to  that  of 

garlic. 

In  volatilizing,  if  the  atmospheric  air  is  admitted,  it 
is  oxidated  rapidly,  a white  vapour  being  produced  con- 
sisting of  the  oxide  ; if  the  heat  is  raised  somewhat  higher, 
the  metal  burns  with  a dull  blue  flame,  and  the  produc- 
tion of  the  same  oxide.  This  oxide  has  peculiar  proper- 
ties. It  is  not,  like  the  greater  number  of  oxides,  insipid, 
and  insoluble  in  water;  its  taste  is  on  the  conti ai)  sharp 
and  acrid,  and  it  is  so  soluble  that  it  requires  not  nioic 
than  80  parts  of  cold  and  15  oi  boiling  water  for  its  solu- 
tion ; the  latter  solution  affording  on  cooling,  crystals  in 
the  form  of  four-sided  prisms  or  octahedrons.  It  combines 
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too  with  the  alkalis,  and  even  reddens  the  infusion  of  Kt-. 
mus.  Hence  it  lias  been  regarded  rather  as  an  acid  than 
an  oxide,  and  has  received  the  name  of  arsenious  acid. 
\ et  it  is  on  the  whole  more  analogous  to  oxides  in  a high 
state  of  oxidation,  for  it  is  incapable  of  neutralizing  the  al- 
kaline properties,  while  it  combines  with  the  acids,  and 
produces  with  them  neutral  compounds.  It  is  this  sub- 
stance which  is  the  most  virulent  of  the  metallic  poisons. 
It  consists  of  75.2  of  arsenic,  and  24.8  of  oxygen.  As  ob- 
tained by  sublimation,  it  is  in  the  form  of  a dense  cake, 
but  it  is  reduced  to  powder  for  the  purposes  to  which  it  is 
applied  in  some  of  the  arts. 

Arsenic  is  capable  of  acquiring  unequivocal  acid  powers 
by  a higher  degree  of  oxygenation.  This  is  effected  by- 
distilling  nitrous  acid  from  the  white  oxide,  the  acid  yield- 
ing the  requisite  proportion  of  oxygen  ; or  with  more  fa- 
cility, by  dissolving  the  oxide  in  muriatic  acid  with  the  as- 
sistance of  heat,  adding  to  this  nitric  acid,  and  distilling 
until  the  production  of  nitrous  vapours  cease.  By  conti- 
nuing the  application  of  the  heat,  and  raising  it  at  the 
end  of  the  process  to  redness,  the  arsenical  acid  is  obtain- 
ed in  a concrete  form.  The  oxide,  in  its  conversion  to 
the  acid,  increases  nearly  one-seventh  in  weight.  The 
acid  consists  of  64  of  arsenic,  and  36  of  oxygen. 

The  oxide  of  arsenic  combines  with  the  different  acids, 
forming  compounds  which  arc  not  easily  obtained  in  the 
neutral  state.  The  same  compounds  are  in  general  pro- 
duced by  the  action  of  the  acids  on  metallic  arsenic,  the 
acid  first  yielding  oxygen,  and  then  combining  with  the 
oxide. 
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Sulphuric  acid  oxidates  the  metal  when  its  action  is  pro- 
moted by  heat ; it  also  dissolves  the  oxide  when  boiled  on 
it,  forming  a compound  which,  as  the  solution  cools,  is 
deposited  in  crystalline  grains. 

Nitric  acid  oxidates  metallic  arsenic.  When  much  di- 
luted, it  dissolves  the  oxide,  and  the  compound  being  of 
sparing  solubility,  is  deposited.  When  concentrated,  it 
yields  oxygen  to  it,  and  partially  converts  it  into  arsenic 
acid. 

Muriatic  acid,  digested  with  heat  on  metallic  arsenic, 
causes  its  oxidation  by  the  decomposition  of  water  ; the 
hydrogen  disengaged  has  a very  foetid  odour,  from  a por- 
tion of  oxide  which  it  holds  dissolved.  The  acid  boiled 
on  oxide  of  arsenic  dissolves  one-third  of  its  weight  near- 
ly, forming  a salt  of  sparing  solubility,  A muriate  of 
arsenic  is  obtained  still  more  concentrated,  by  distillation 
from  a mixture  of  corrosive  muriate  of  mercury  and  me- 
tallic arsenic,  the  oxygen  and  acid  being  transferred  from 
the  quicksilver  to  the  arsenic  the  product  is  partly  liquid, 
partly  congealed  ; it  emits  acrid  vapours,  is  deliquescent, 
but,  by  the  affusion  of  water,  is  decomposed.  By  spon- 
taneous evaporation,  it  deposites  pellucid  crystals,  which 
are  sparingly  soluble  in  water.  Oxy-muriatic  acid  gas  in- 
flames metallic  arsenic,  and  converts  it  into  the  oxide  or 
acid. 

The  other  acids  scarcely  act  on  metallic  arsenic,  but 
combine  with  its  oxide,  and  form  compounds  of  sparing 
solubility. 

Oxide  of  arsenic  combines  with  tire  alkalis.  The  com- 
binations with  the  fixed  alkalis  are  formed  by  fusion  ; and 
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even  the  solution  of  the  alkali,  boiled  on  the  oxide,  dis- 
solves a large  portion  of  it,  the  solution,  when  concen- 
trated, being  viscid,  of  a brown  colour,  and  unpleasant 
odour.  Ammonia  likewise  dissolves  a quantity  of  the 
oxide ; and  it  combines  in  the  dry  way,  by  the  application 
ol  heat,  with  lime  and  some  of  the  other  earths. 

Arscnic  Acid  has  all  the  most  important  acid  proper- 
ties. It  is  abundantly  soluble  in  water,  requiring  only  six 
parts  for  its  solution  at  60°,  and  not  more  than  two  parts 
at  2i  2°  ; its  taste  is  sour  •,  it  reddens  the  vegetable  colours, 
and  combines  with  the  alkalis,  earths,  and  metallic  oxides, 
forming  in  the  due  proportion  neutral  compounds  By 
slow  evaporation,  it  may  be  obtained  in  small  irregular 
crystals.  When  evaporated  to  dryness,  it  forms  a white 
solid  mass,  which,  by  raising  the  heat  to  ignition,  is  melt- 
ed, and  forms  e-  translucent  glass.  By  a continuance  of 
the  heat,  it  is  partially  decomposed,  oxygen  being  expel- 
led •,  and  it  is  decomposed  with  facility  by  heating  it  with 
inflammable  substances,  being  reduced  to  the  metallic  state. 

Arsenic  acid  combines  with  the  alkalis,  forming  salts 
soluble  and  erystallizablc.  They  may  be  formed  by  direct 
combination,  and  also  by  an  indirect  method  which  has 
been  generally  followed,  exposing  a mixture  of  the  white 
oxide  of  arsenic  with  any  of  the  alkaline  nitrates,  to  heat, 
continuing  this  as  long  as  any  red  vapours  are  disengaged. 
The  nitric  acid  is  decomposed,  yielding  oxygen  to  the 
oxide,  so  as  to  convert  it  into  arsenic  acid,  with  which 
the  alkaline  base  of  the  nitrate  combines.  The  arseniate 
thus  formed  is  obtained  pure  by  solution  and  crystallization, 
llie  arseniate  of  potash,  formed  by  this  process,  forms 
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Large  regular  crystals,  tetraedral  prisms,  having  generally 
an  excess  of  acid,  to  which  the  regularity  of  its  crystalli- 
zation is  owing,  the  perfectly  neutral  salt  not  crystallizing 
so  regularly,  and  being  deliquescent.  The  arseniate  ot 
soda  crystallizes  in  hexaedral  prisms,  arseniate  of  ammo- 
nia in  rhomboidal  prisms. 

Arsenic  acid  combines  with  the  earths,  forming  com- 
pounds of  very  sparing  solubility,  but  which  are  rendered, 
more  soluble  by  an  excess  of  acid. 

It  acts  on  several  of  the  metals,  yielding  oxygen  to  the 
metal,  and  being  thus  reduced  to  the  state  of  oxide.  When 
the  metal  is  previously  oxidated,  the  arsenic  acid  enters 
into  direct  union  with  the  oxide ; but  these  combinations, 
presenting  no  important  results,  scarcely  require  to  be  in- 
dividually noticed. 

Metallic  arsenic  is  dissolved  by  hydrogen  gas.  This 
compound  is  formed  when  zinc  is  acted  on  by  arsenic  acid, 
or  from  the  mutual  action  of  diluted  sulphuric  acid,  zinc, 
and  oxide  of  arsenic.  It  has  the  peculiar  odour  which 
arsenic  has  when  in  the  state  of  vapour,  and  is  heavier 
than  pure  hydrogen  gas.  W hen  detonated  with  atmos- 
pheric air,  it  deposites  a film  of  metallic  arsenic ; when 
detonated  with  oxygen  gas,  the  arsenic  is  deposited  in  the 
state  of  oxide.  It  is  also  decomposed  by  nitric  oxide  gas 
and  oxy-muriatic  acid  gas,  the  arsenic  being  precipitated 
either  in  its  metallic  or  oxidated  state,  according  to  the 
proportions  in  which  the  gases  are  mixed.  Even  nitrous 
acid  decomposes  it  with  detonation ; and  sulphuric  and 
nitro-murhitic  acid  precipitate  from  it.  a metallic  fdm. 


144 


ARSENIC* 


From  its  decomposition  bjr  nitric  acid,  it  is  inferred  to 
consist  of  10.600  of  arsenic,  and  0.219  of  hydrogen. 

Arsenic  unites  with  sulphur  by  fusion  or  by  sublimation  * 
forming  compounds  of  a fed  or  yellow  colour,  according 
to  the  proportions.  Its  oxide,  heated  with  sulphur,  suf- 
fers decomposition,  and  similar  compounds  are  produced. 
With  phosphorus  arsenic  forms  a compound  of  a black 
colour  and  metallic  lustre,  which  tarnishes  and  oxidates 
on  exposure  to  the  air. 

Arsenic  combines  with  nearly  all  the  metals,  the  combi- 
nation being  effected  with  most  facility  by  exposing  to  heat 
a mixture  of  oxide  of  arsenic  and  the  black  flux,  with  the 
metal  with  which  it  is  designed  to  be  combined.  The  duc- 
tile metals  it  in  general  renders  brittle,  and  to  those  that 
are  refractory  in  the  fire  it  communicates  fusibility.  Few 
of  its  alloys  are  applied  to  use.  That  with  copper  is  of  a 
white  colour,  and  receives  a fine  polish  j and  hence  it  has 
been  used  instead  of  pure  copper  in  forming  silver-plating, 
but  it  has  the  disadvantage  of  tarnishing  on  exposure  to 
the  air.  Oxide  of  arsenic  exerts  affinities  to  some  of  the 
other  metallic  oxides,  and  hence  decomposes  some  of  the 
metallic  salts.  The  precipitate  which  its  solution  in  pot- 
ash throws  down  from  a solution  of  sulphate  of  copper,  is 
a combination  of  this  nature  j it  is  of  a bright  green  co- 
lour, and  is  used  as  a pigment. 

A part  of  the  chemical  history  of  arsenic  is  that  relating 
to  the  tests  by  which  it  is  detected,  as,  from  being  so  ac- 
tive a poison,  this  is  occasionally  the  subject  of  judicial 
investigation.  The  most  decisive  is,  reducing  a little  of 
the  oxide,  by  exposing  it  mixed  with  twice  its  weight  of 
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the  black  flux,  or  of  charcoal  powder,  in  a coated  glass 
tube  lightly  stopped,  to  a low  red  heat  cautiously  raised  ; 
a metallic  crust  of  a grey  colour  and  great  brilliancy  is  ob- 
tained on  the  sides  of  the  tube.  The  only  disadvantage  of 
this  test  is,  that  it  cannot  well  be  performed  on  a smaller 
quantity  than  several  grains.  2d,  A little  of  this  reduced 
metal,  when  put  on  a red-hot  iron,  is  volatilized,  and  the 
vapour,  in  exhaling,  has  a peculiar  odour,  approaching 
to  that  of  garlic.  The  oxide  is  also  volatilized  by  the  same 
degree  of  heat,  forming  a white  srnokc ; and  if  it  has  been 
previously  mixed  with  a minute  quantity  of  oil,  it  will,  in 
evaporating,  give  the  garlic  odour  : this  odour,  it  is  to  be 
remarked,  however,  is  not  very  evident  where  a small 
quantity  is  employed,  and  is  disguised  by  the  intermixture 
of  vegetable  and  animal  substances.  3d,  If  a little  of  the 

o 

reduced  metal,  or  a small  quantity  of  the  oxide  made  into 
a paste  with  charcoal  and  oil,  be  placed  between  two  cop- 
per pieces,  if  these  are  pressed  together,  secured  by  wire, 
and  exposed  to  a red  heat  in  a charcoal  fire  for  a quarter 
of  an  hour,  the  surface  of  the  copper  will  be  permanently 
whitened,  so  that,  on  removing  the  adhering  matter,  and 
rubbing  it  with  a little  chalk,  it  will  have  nearly  the  appear- 
ance of  silver,  owing  to  the  alloy  of  the  copper  and  arsenic. 
\th,  If  a little  of  the  oxide  be  dissolved  in  warm  water, 
with  three  times  its  weight  of  carbonate  of  potash,  the 
solution,  on  being  added  to  a solution  of  sulphate  of  cop- 
per, throws  down  a precipitate  of  a lively  gra^s-green  co- 
lour. To  render  this  more  evident  and  certain  by  con- 
trast, a little  of  a solution  of  carbonate  of  potash  alone 
ought  to  be  added  to  the  solution  of  sulphate  of  copper ; 
Vol.  II.  K 
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the  precipitate  it  forms  is  of  a bluish-green,  and  the  differ 
rence  is  sufficiently  evident  when  they  are  compared  as 
they  ought  to  be  in  the  light  of  day.  The  same  experi- 
ment may  be  made  with  any  remaining  portion  of  the  li- 
quid that  has  been  the  vehicle  of  the  poison,  or  on  the 
liquid  found  in  the  stomach,  and  freed  by  filtration  from 
the  substances  diffused  through  it. 

5//:,  Mr  Hume  has  lately  given  another  test, — that  of 
nitrate  of  silver,  which,  added  to  a solution  of  so  small  a 
quantity  of  white  oxide  of  arsenic  as  one  grain,  with  an 
equal  weight  of  carbonate  of  soda  in  ten  or  twelve  ounces 
of  boiling  distilled  water,  produces  instantly  a bright  yel- 
low precipitate. 


ciiap.  xviii. 

_ * x 

OF  BISMUTH. 

V 

Bismuth  is  a metal  of  a white  colour,  with  a yellowish 
tinge,  liable  to  tarnish  and  become  iridescent  from  expo- 
sure to  the  air  j its  texture  is  distinctly  foliated ; it  is  not 
very  hard,  is  quite  brittle,  and  has  a specific  gravity  of 
9.8. 

It  is  very  fusible,  melting  at  460°  or  480°.  It  crystal- 
lizes easily  by  slow  cooling.  When  in  fusion,  if  the  air  is 
admitted,  its  surface  is  soon  covered  with  a greenish-grey 
powder  from  oxidation.  If  it  be  exposed  to  a stronger 
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heat,  it  burns  with  a small  flame,  and  forms  a yellow  pow- 
der more  highly  oxidated.  JThese  oxides,  by  a powerful 
heat,  are  fused  into  transparent  glasses. 

Bismuth*  is  oxidated  and  dissolved  by  the  acids  ; its  salts 
are  in  general  decomposed  by  the  affusion  of  water. 

Sulphuric  acid  boiled  on  it  is  decomposed,  sulphurous 
acid  gas  being  disengaged,  and  oxide  of  bismuth  remain- 
ing combined  with  a portion  of  sulphuric  acid.  By  the 
action  of  water  this  is  resolved  into  a sub-sulphate  at  id 
super  sulphate,  the  latter  affording  acicular  crystals  on 
evaporation. 

Nitric  acid  is  rapidly  decomposed  by  bismuth,  the  tem- 
perature ri$es,  and  dense  red  vapours  are  disengaged ; die 
metal  being  so  highly  oxidated  that  it  retains  combined 
with  it  little  of  the  acid.'  By  using  a diluted  acid,  a more 
perfect  solution  is  obtained,  which  by  evaporation  affords 
rhomboidal  crystals.  By  the  affusion  of  water  a white 
precipitate  is  thrown  down,  the  IVlagistery  of  Bismuth,  as 
it  has  been  named,  which  is  a sub-nitrate.  When  the  so- 
lution is  decomposed  by  a solution  of  tartrate  of  potash  a 
very  white  precipitate  is  obtained,  which  f t ins  the  paint 
sometimes  used  for  the  complexion,  known  by  the  name  of 
Pearl-white. 

Muriatic  acid  scarcely  acts  on  metallic  bismuth,  bul  t 
combines  with  its  oxides ; and  the  solution,  when  con- 
centrated by  evaporation,  forms  a thick  soft  mass,  wl  ch 
is  liquified  by  heat,  and  congealed  by  cold.  The  metal  in 
filings  inflames  when  projected  into  oxy-muriatic  acid 
gas. 

Phosphoric  acid  forms  with  oxide  of  bismuth  a com-* 
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pound  which  is  insoluble,  and  which  melts  before  the* 
flame  of  the  blow-pipe  into  a glass.  Fluoric  acid  forms 
with  it  a solution  of  a sweetish  taste.  Boracicand  carbonic 
acids,  in  combining  with  it  by  double  affinity,  form  in- 
soluble compounds. 

All  the  salts  of  bismuth  are  decomposed  by  the  alkalis, 
and  the  precipitate  which  is  thrown  down  is  dissolved  by 
boiling  in  a solution  of  potash  or  soda,  or  by  digestion  in 
liquid  ammonia. 

Bismuth  combines  with  sulphur  by  fusion,  and  forms  a 
compound  of  a grey  colour  and  metallic  lustre,  which  is 
easily  melted,  and  when  allowed  ter  cool  slowly,  forms  a 
mass  composed  of  tetraedral  prisms.  Sulphuretted  hy- 
drogen  tarnishes  the  metal,  and  either  pure  or  in  the  state 
of  hydro-sulphurets  or  sulphuretted  liydro-sulphurets, 
throws  down  from  solutions  of  its  salts  very  dark-coloured 
precipitates  5 by  this  action  it  forms  with  these  solutions  a 
subtile  sympathetic  ink. 

Bismuth  does  not  unite  cither  with  phosphorus,  carbon, 
or  hydrogen. 

It  combines  by  fusion  w ith  the  greater  number  of  the 
metals,  and  in  general  communicates  brittleness  and  fusi- 
bility. This  property,  with  regard  to  fusibility,  is  well  dis- 
played in  the  formation  of  what  is  named  the  fusible  metal, 
which  consists  of  eight  parts  of  bismuth,  five  of  lead,  and 
three  of  tin,  and  which  melts  at  212°,  a degree  of  fusi- 
bility much  greater  than  that  of  any  of  the  metals  of  which 
it  is  composed.  The  addition  of  a little  quicksilver  renders 
it  still  more  fusible,  and  a composition  of  this  kind  is  used 
to  coat  the  internal  surface  of  glass  globes.  To  quicksilver 
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alloyed  with  lead,  bismuth  added  in  small  quantity,  by 
increasing  the  fusibility,  communicates  a mobility  equal 
to  that  of  pure  quicksilver,  and  hence  it  is  used  in  adulte- 
rating that  metal.  It  adds  too  to  the  fusibility  ol  tin,  the 
alloy  of  equal  parts  melting  at  280.  In  a smaller  propor- 
tion it  adds  to  the  hardness  of  tin,  and  hence  it  is  used  in 
the  formation  of  pewter.  An  alloy  ot  equal  parts  of  tin, 
bismuth,  and  quicksilver,  forms  a compound  ol  a flaky 
brilliant  appearance,  named  Mosaic  Silver,  sometimes  ap- 
plied to  ornamental  purposes.  It  is  principally  in  the  for- 
mation of  these  alloys  that  bismuth  is  employed. 


"P 


CHAP.  XIX, 

JOE  ANTIMONY. 

The  native  sulphuret  of  this  metal  is  the  substance  to 
which  the  name  antimony  was  originally  applied  ; but  the 
name  is  now  appropriated  to  the  metal,  and  the  other  in 
commerce  is  distinguished  by  the  epithet  crude  antimony. 
It  is  from  this  sulphuret  that  the  metal  is  extracted  : the 
usual  process  is  to  fuse  it  with  iron-filings,  with  the  addi- 
tion of  a little  nitre  ; the  sulphur  combines  partly  with  the 
iron,  partly  with  the  potash  pf  the  nitre,  and  the  metal  is 
run  out. 

Antimony  is  of  a light  bluish-grey  colour,  with  a lustre 
pot  much  liable  to  tarnish ; its  texture  is  very  distinctly 
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plated  ; its  hardness  is  moderate  j it  is  quite  brittle,  so  as 
to  be  easily  beat  to  powder.  Its  specific  gravity  is  6.7. 

At  a heat  a little  above  ignition,  antimony  melts,  and 
in  cooling  it  assumes  a crystalline  arrangement  easily  ob- 
served on  the  surface  of  the  mass,  and  in  its  structure.  At 
a full  white  heat  it  is  volatilized. 

Heated  under  exposure  to  the  air  it  is  oxidated  ; and  if 
the  heat  be  high,  the  oxide  is  volatilized,  passing  at  the 
same  time  to  a higher  state  of  oxidation,  and  condensing 
in  acicular  crystals  j the  oxidation,  if  rapid,  is  attended  with 
a weak  flame.  By  deflagration  with  nitre,  it  is  also  ob- 
tained at  a high  state  of  oxidation,  the  oxide  remaining 
combined  with  a portion  of  the  alkali  of  the  nitre  ; and  it 
exists  in  various  degrees  of  oxidation  in  its  saline  combi- 
nations. Thenard  has  distinguished  not  less  than  six 
oxides  of  this  metal.  Proust  has  supposed  there  are  only 
two,  one  containing  18.5  of  oxygen  in  ) 00  parts,  the  other 
containing  23.  It  is  probable,  in  conformity,  to  the  law 
which  appears  to  regulate  the  combination  of  metals  with 
oxygen,  that  the  degrees  of  oxidation  are  numerous,  and 
even  indefinite,  when  not  rendered  uniform  by  the  opera- 
tion of  external  circumstances. 

Antimony  is  acted  on  by  the  acids.  Sulphuric  acid 
boiled  on  it  is  in  part  decomposed,  sulphurous  acid  being 
disengaged,  the  oxidated  metal  combines  with  another 
portion  of  the  acid,  forming  the  sulphate  of  antimony, 
which  cannot  be  crystallized,  but  by  evaporation  forms  a 
mass  which  is  very  deliquescent,  and  is  decomposed  by 
water. 

Nitric  acid  oxidates  antimony,  and  if  not  too  highly  con- 
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centrated,  forms  a solution  which  affords  by  cvapor  ation  a 
deliquescent  salt. 

Muriatic  acid  acts  on  antimony  very  slowly,  but  com- 
bines easily  with  its  oxides.  The  nitro-muriatic  acid  dis- 
solves it  still  more  readily,  and  when  composed  of  five  parts 
of  muriatic,  and  one  ot  nitric,  afrords  a perfect  solution, 
which,  after  evaporation  of  the  superfluous  water,  may 
be  distilled  by  the  application  of  heat ; the  muriate  comes 
over  of  a thick  consistence,  and  melts  on  the  application 
of  a very  moderate  heat.  From  these  properties,  it  was 
termed  Butter  of  Antimony  by  the  older  chemists.  V a- 
rious  indirect  methods  of  obtaining  it  were  employed. 
The  most  common  was  to  mix  antimony  with  corrosive 
muriate  of  mercury,  and  expose  it  to  heat  ; the  antimony 
attracts  the  oxygen  and  muriatic  acid  from  the  mercu- 
ry, and  the  muriate  of  antimony  distils  over.  Anothei 
process  given  in  the  Pharmacopoeias,  is  to  mix  one  pai  t of 
brown  oxide  of  antimony,  and  one  part  of  sulphuric  acid, 
with  two  parts  of  muriate  of  soda,  and  apply  heat  to  the 
mixture  in  a retort ; the  muriatic  acid  is  disengaged,  and 
combines  with  the  oxide,  forming  the  muriate  which  is 
sublimed.  This  salt  is  extremely  corrosive,  it  liquifies  by 
exposure  to  the  air,  from  attracting  a quantity  of  water 
sufficient  to  dissolve  it  * but  when  water  is  poured  upon  it, 
it  is  decomposed,  the  water,  acting  by  its  quantity,  abstrai  t- 
ing  a portion  of  the  acid,  and  precipitating  sub-mu  1 iate  of 
antimony. 

The  other  acids,  though  unable  to  dissolve  antimony, 
combine  with  its  oxides.  Of  these  salts,  the  only  one  of 
any  importance  is  a ternary  compound  of  oxide  of  anti. 
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mony,  tartaric  acid,  and  potash.  This  has  been  long 
employed  in  medical  practice,  under  the  name  of  Emetic 
Tartar,  as  one  of  the  mildest  and  most  manageable  of  the 
antimonial  preparations.  \ arious  processes  have  been 
followed  for  its  preparation  ; that  now  given  in  the  Phar- 
macopoeia of  the  Edinburgh  College,  is  to  boil  three  parts 
of  the  brown  oxide,  obtained  by  deflagrating  sulphuret  of 
antimony  with  nitre,  with  four  parts  of  super-tartrate  of 
potash,  in  thirty-two  parts  of  water  for  half  an  hour  ; the 
solution,  when  strained,  is  set  aside  to  crystallize.  The  ex- 
cess of  tartaric  acid  in  the  super-tartrate  dissolves  a por- 
tion of  the  antimonial  oxide,  and  th,e  crystallized  salt  is  a 
triple  compound  of  the  oxide,  the  acid,  and  part  of  the 
alkali,  the  proportions,  according  to  Thenard’s  analysis  of 
it,  being  38  of  oxide,  34  of  acid,  1G  of  potash,  and  8 of 
water  of  crystallization. 

The  alkalis  do  not  act  on  antimony,  but  they  combine 
with  some  of  its  oxides.  When  deflagrated  for  example 
with  nitre,  the  oxide  remains  in  combination  with  the  po- 
tash of  the  nitre.  If  this  be  submitted  to  the  action  of 
water,  it  is  resolved  into  two  compounds,  one  having  an 
excess  of  alkali  whicn  is  dissolved,  the  other  with  an  ex- 
cess of  oxide  which  remains  undissolved.  The  latter  has 
been  named  Calcined,  or  Diaphoretic  Antimony. 

Antimony  combines  with  sulphur  by  fusion,  and  forms 
a compound  similar  in  appearance  to  the  native  sulphuret. 
Sulphuret  of  antimony  has  some  peculiar  chemical  rela- 
tions which  require  to  be  pointed  out,  as  in  this  state  an- 
timony lias  been  more  frequently  submitted  to  experiment 
by  the  chemists  than  in  its  pure  form,  and  several  pre- 
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parations  are  obtained  from  it,  important  from  tlieir  me- 
dicinal use. 

When  native  sulphuret  of  antimony  is  exposed  to  heat, 
sulphureous  fumes  arise ; and  if  the  heat  is  continued  and 
gradually  raised,  the  metal  is  converted  into  a grey  oxide, 
which  retains  a portion  of  sulphur  in  combination.  If 
this  be  exposed  to  an  intense  heat,  it  melts  and  forms  a 
transparent  glass  of  a dark  brown  or  reddish  colour,  the 
vitrified  oxide  of  antimony,  as  it  is  named ; it  generally 
contains  a little  silex  from  its  action  on  the  crucible,  in 
which  it  is  melted. 

The  metal  in  the  crude  antimony  is  likewise  oxidated  by 
deflagrating  it  with  nitrate  of  potash.  If  equal  parts  of 
the  sulphuret  and  nitre  are  deflagrated  together,  the  great- 
er part  of  the  sulphur  is  converted  into  sulphurous  acid, 
which  is  partly  dissipated,  and  partly  combines  with  the 
potash  of  the  nitre,  and  the  antimony  is  imperfectly  oxi- 
dated, the  oxide,  which  is  of  a brown  colour,  having  com- 
bined with  it  a small  quantity  of  sulphur  whiali  had  escap- 
ed deflagration,  and  a minute  portion  of  hjrdrogen,  pro- 
bably derived  from  the  water  the  nitre  contained.  When 
a larger  quantity  of  nitre  is  employed,  the  oxidation  is 
more  perfect,  and  the  white  oxide  is  formed,  which  has 
been  already  noticed. 

When  sulphuret  of  antimony  is  fused  with  an  alkali, 
with  potash  for  example,  and  thrown  into  water,  or  when 
an  alkaline  solution  is  boiled  upon  it,  part  of  it  is  found  to 
be  dissolved.  If  the  liquor  is  strained  while  hot,  a red 
powder  is  deposited,  which  was  named  by  the  chemists 
Kermes  Mineral.  Tf  an  acid  is  added  to  the  solution 
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while  warm,  and  previous  to  this  deposition,  it  combines 
with  the  alkali,  and  a precipitate  of  a reddish  yellow  co- 
lour is  formed,  which  used  to  be  named  Golden  Sulphur 
of  Antimony,  which  is  now  named  Precipitated  Sulphuret 
of  Antimony.  These  two  preparations  are  similar  in 
their  composition,  being  compounds  of  oxide  *f  antimo- 
ny, with  sulphur  and  sulphuretted  hydrogen,  the  antimo- 
ny during  the  process,  having  been  oxidated  probably  from 
the  decomposition  of  the  water  by  the  alkaline  sulphuret, 
and  the  sulphuretted  hydrogen  being  derived  from  the 
same  source.  The  yellow  precipitate  differs  from  the  red, 
principally  in  containing  a larger  proportion  of  sulphur. 

The  last  preparation  of  this  kind  is  one  that  has  been 
celebrated  as  an  empirical  medicine,  James’s  Powder,  the 
phosphate  of  antimony  and  lime,  as  it  is  now  named,  for 
the  process  for  the-preparation  of  which  we  are  indebted 
to  Dr  Pearson.  It  consists  in  exposing  first  to  a moderate 
heat  in  an  open  vessel,  and  then  to  a stronger  heat  in  a 
covered  crucible  for  two  hours,  equal  parts  of  the  sulphu- 
ret of  antimony,  and  shavings  of  bones.  The  sulphur  is 
dissipated,  the  metal  is  oxidated,  the  animal  matter  of  the 
bones  is  burned  out,  and  the  phosphate  of  lime,,  which 
is  the  solid  matter  of  the  bones,  remains  intimately  mixed, 
or  perhaps  combined  with  the  antimonial  oxide.  Accord- 
ing to  Dr  Pearson’s  analysis  of  it,  it  consists  of  43  parts 
of  phosphate  of  lime,  and  57  of  oxide  of  antimony,  about 
28  parts  of  this  oxide  being  vitrified. 

Antimony  unites  with  phosphorus ; the  compound  has 
metallic  lustre,  and  is  of  a white  colour ; its  fracture  is  la- 
mellated-  It  melts,  and  burns  with  a green  flame  whep 
thrown  upon  ignited  fuel. 
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Antimony  combines  with  nearly  all  the  metals ; its  al- 
loys are  in  general  brittle,  and  few  of  them  have  been  ap- 
plied to  any  use.  It  unites  with  difficulty  with  mercury. 
Fused  with  lead,  it  affords  a white  brittle  alloy,  of  which 
printing-types  are  cast;  the  compound  consists  of  QO pai ts 
of  lead,  and  from  15  to  25  of  antimony,  with  the  addition 
frequently  of  a small  proportion  of  zinc ; this  alloy  is  to- 
lerably hard,  without  being  brittle,  and  it  takes  a delicate 
impression  from  a mould,  owmg  probably  to  the  expan- 
sion which  antimony  suffers  in  consolidating  from  fusion. 
It  is  principally  in  the  formation  of  this  alloy,  and  in  tne 
practice  of  medicine,  under  different  forms  of  prepara- 
tion, that  antimony  is  employed.  Its  oxides  sometimes  en- 
ter into  the  composition  of  coloured  glasses,  and  into  the 
formation  of  certain  paints. 


CHAP.  XX. 

OF  TELLURIUM. 

This  is  a metal  of  modern  discovery.  It  occurs  in  na- 
ture alloyed  with  gold,  principally  in  certain  ores  ot  that 
metal  found  in  Transylvania ; when  obtained  iree  from 
alloy,  it  is  of  a tin-white  colour  with  metallic  lustre,  has 
a foliated  fracture,  is  extremely  brittle,  and  is  one  of  the 
lightest  of  the  metals,  its  specific  gravity  being  only  6.1. 

O 

It  melts  easily  and  at  a temperature  a little  inferior 
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to  that  of  ignition  ; and  it  is  also  easily  volatilized  ; when 
heated  before  the  flame  of  the  blow-pipe  it  inflames,  and 
an  oxide  is  formed  in  vapours,  having  a pungent  odour, 
which  condense  into  a white  powder.  This,  heated  in  a 
glass  retort,  melts,  and  forms  when  cold  a substance  of 
a yellowish  colour,  and  striated  texture. 

Tellurium  is  oxidated  and  dissolved  without  difficulty  by 
the  acids.  Sulphuric  acid,  when  concentrated,  acquires 
from  it  a purple  colour ; by  dilution  with  water  this  colour 
is  lost,  as  it  is  also  from  heat ; and  in  either  case  the  small 
quantity  of  metallic  matter  dissolved  is  precipitated.  Ni- 
tric acid  forms  with  it  a colourless  solution,  which  is  not 
rendered  turbid  by  water,  and  which,  when  concentrated, 
affords  needle-shaped  crystals.  Muriatic  acid,  to  which 
a little  nitric  acid  has  been  added,  affords  a transparent 
solution,  from  which  a white  precipitate  is  thrown  down, 
on  the  addition  of  'water,  and  which,  by  repeated  affusions 
of  water,  is  dissolved.  The  alkalis  throw  down  from  all 
these  solutions,  precipitates  of  a white  colour,  which  an 
excess  of  alkali  re-dissolves.  They  arc  not  precipitated 
by  prussiate  of  potash : tincture  of  galls  forms  a yellow 
floccul*nt  precipitate.  Several  metals,  as  zinc,  iron,  tin, 
and  antimony,  precipitate  from  them  the  tellurium  in  its 
metallic  state,  and  phosphorus  has  the  same  effect. 

This  metal  combines  with  sulphur  by  fusion,  forming  a 
lead-coloured  striated  substance.  The  alkaline  sulphurets 
throw  down  dark-coloured  precipitates  from  its  solutions. 

The  alloys  of  tellurium,  with  the  other  metals,  have 
scarcely  been  examined.  It  does  not  easily  amalgamate  with 
quicksilver,  even  when  their  action  is  aided  by  heat. 
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OF  CHROME. 


This  metal  exists  in  the  state  of  an  acitl  combined  with 

/ 

oxide  of  lead  in  a mineral  the  produce  of  Siberia;  and  it 
has  been  discovered  in  some  other  metallic  fossils,  particu- 
larly combined  with  iron.  It  is  also  the  colouring  prin- 
ciple of  the  emerald  and  ruby.  Vauquelin,  its  discoverer, 
gave  it  the  name  of  chrome  from  its  most  characteristic 
property,  that  of  assuming  different  brilliant  colours  in  the 
combinations  into  which  it  enters. 

It  is  extracted  from  the  mineral  which  affords  it,  the  red 
lead  ore,  by  adding  muriatic  acid,  -which  combines  with 
the  oxide  of  lead,  the  muriate  of  lead  is  precipitated,  and 
the  chromic  acid  remains  in  solution.  It  is  obtained  by 
evaporation  in  a dry  mass,  which  being  exposed  to  an  in- 
tense heat  in  mixture  with  charcoal,  is  reduced  to  the  me- 
tallic state.  The  metal  is  of  a white  colour,  inclining  to 
grey ; it  is  very  brittle,  and  in  its  fracture  displays  a ra- 
diated structure. 

Chrome  is  very  difficult  of  fusion.  At  a high  tempera- 
ture it  is  oxidated  by  the  atmospheric  air,  its  surface  being 
covered  with  a green  oxide.  By  a higher  degree  of  oxy- 
genation, which  is  effected  most  easily  by  distilling  nitric 
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acid  from  it  repeatedly,  it  is  brought  to  the  state  of  an  acid. 
It  it>  then  combined  with  about  0.4-0  of  oxygen. 

Chrome  is  little  affected  by  the  acids*  Even  nitric  acid 
requires  to  be  distilled  from  it  a number  of  times  to  oxidate 
it  fully.  Nor  are  saline  combinations  of  it  easily  lorrned, 
even  when  the  metal  has  been  previously  oxidized. 

Chromic  acid  has  more  energy  of  chemical  action.  It 
is  very  soluble  in  water,  forming  a solution  of  an  orange- 
red  colour,  which  affords  by  evaporation  slender  prismatic 
crystals  of  a ruby-red  colour.  The  portion  of  oxygen  pro- 
ducing its  acidification  is  not  retained  by  a strong  affinity, 
hence  it  is  easily  reduced  to  the  state  of  the  green  oxide. 
Exposure  to  the  solar  rays  has  this  effect,  as  has  also  the 
action  of  the  greater  number  of  the  metals,  or  ether  or  al- 
kohoi  when  either  of  them  is  boiled  with  it  for  a few  mi- 
nutes. Muriatic  acid  has  a similar  effect,  oxy-muriatic 
acid  gas  being  disengaged,  and  the  solution  assuming  a 
beautiful  green  colour  from  the  production  of  oxide  of 
chrome.  Even  heat  produces  this  change,  the  grmi  oxide 
being  formed  when  the  acid  is  heated  before  the  flame  of 
the  blow-pipe  on  charcoal,  or  when  it  is  fused  with  borax 
or  phosphoric  acid. 

This  acid  combine#  with  the  alkalis,  earths,  and  metal- 
lic oxides,  forming  salts,  many  of  which  have  very  brilliant  ^ 
colours.  The  alkaline  chromates  are  soluble  and  crystal- 
lizable  the  colour  of  their  solutions  is  orange-yellow,  and 
by  evaporation  they  afford  crystals  of  the  same  colour. 
The  chromate  of  potash  crystallizes  in  rhomboidal  prisms, 
that  of  ammonia  in  plates.  The  earthy  chromates  are  in 
general  sparingly  soluble,  and  have  also  an  orange  colour. 
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The  metallic  chromates  have  various,  and  generally  vivid 
colours  ; that  of  lead  is  an  orange  yellow,  of  mercury  a ver- 
milion red,  of  silver  a carmine  red,  of  zinc  and  bismuth 
yellow.  Some  of  these  would  form  very  beautiful  pigments, 
could  the  chromic  acid  be  easily  procured  in  sufficient  abun- 
dance. 


CHAP.  XXII. 

OP  MOLYBDENA* 

This  metal  exists  in  the  state  of  an  oxide  or  acid  com- 
bined with  sulphur,  in  a mineral  similar  to  plumbago  in 
appearance,  to  which  the  name  of  Molybdena  had  been 
given.  Scheele  discovered  the  nature  of  this  substance, 
and  gave  the  processes  by  which  the  metal  is  extracted. 
The  most  simple  of  these,  and  which  at  the  same  time  af- 
fords the  purest  product,  is  to  distil  from  one  part  of  it  re- 
duced to  powder  five  parts  of  diluted  nitric  acid  to  dry- 
ness, repeating  this  distillation  three  or  four  times  with 
new  portions  of  the  acid~  The  sulphur  is  converted  into 
sulphuric  acid,  the  molybdena  into  molybdic  oxide  or  acid ; 
the  former  is  removed  by  washing  with  water,  the  latter, 
being  sparingly  soluble,  remains  undissolved.  By  mere 
calcination,  too,  the  sulphur  of  the  native  sulphuret  may 
be  dissipated,  and  the  oxide  or  acid  of  molybdena  ob- 
tained. 
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The  reduction  of  this  to  the  metallic  state,  or  rather  the 
fusion  of  the  metal,  is  extremely  difficult.  Though  redu- 
ced by  exposure  to  intense  heat  in  mixture  with  charcoal 
and  oil,  it  is  scarcely  agglutinated,  but  forms  merely  a 
mass  which  breaks  under  the  finger.  Hielm,  however,  ob- 
tained it  in  a kind  of  slag,  and  Bucholz,  after  repeated 
experiments  with  the  most  intense  heat  that  could  be  raised 
by  the  fire  of  a forge,  succeeded  in  fusing  it  so  as  to  obtain 
it  in  globules,  and  even  in  a mass  of  two  drachms  weight. 
The  metal  he  found  to  be  of  a silvery  white  colour  ; it  had 
•no  ductility  or  malleability,  but  was  so  hard  as  not  to  be 
easily  broken  ; its  specific  gravity  was  8.6. 

Though  this  metal  is  so  infiisible,  it  is  easily  oxidated. 
Its  surface  becomes  dull  from  the  flame  of  the  blow-pipe. 
By  the  continued  application  of  a red  heat,  it  becomes  of 
a brownish-yellow  colour,  which  soon  changes  to  violet. 
By  calcination  with  a higher  heat,  or  by  deflagration  with 
nitre,  it  is  converted  into  a white  oxide,  and  at  its  highest 
degree  of  oxygenation  acquires  acid  powers.  Mr  Hatchet 
concluded  that  it  is  susceptible  of  four  degrees  of  oxygena- 
tion ; the  first  forms  a black  oxide,  the  second  one  of  a 
blue  colour,  the  third  one  that  is  green,  and  the  fourth 
produces  the  molybdic  acid.  The  transitions  through  this 
series  are  best  shewn  in  de-oxidating  the  acid,  or  its  com- 
pounds, these  changes  being  easily  effected  from  the  weak 
affinity  with  which  the  oxygen  appears  to  be  retained. 

These  varied  and  successive  degrees  of  oxygenation  are 
displayed  in  the  actions  of  the  acids  on  this  metal.  Nitric 
acid  acts  on  it  rapidly,  converts  it  first  into  the  blue  oxide, 
and  ultimately  into  the  molybdic  acid.  Sulphuric  acid 
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boiled  on  it,  acquires  a bluish-green  colour,  which,  by 
continuing  the  boiling,  almost  entirely  disappears,  appa- 
rently from  more  perfect  oxygenation.  Muriatic  acid  does 
not  act  on  the  metal,  but  oxy-murfatic  acid  changes  it  into 
the  blue  oxide,  and  the  same  oxide  is  produced  by  the  ac- 
tion of  the  other  acids  on  the  brown  oxide.  From  an  ex- 
cess probably  of  this  oxide,  the  saline  solutions  are  usually 
of  a blue  colour  ; they  can  scarcely  be  obtained  crystallized 
without  decomposition. 

This  blue  oxide  is,  according  to  Bucholz,  soluble  in  wa- 
ter, reddens  litmus  paper,  and  decomposes  the  alkaline 
carbonates  with  effervescence,  forming  with  the  alkali  a blue 
solution. 

The  substance  named  Molybdic  Acid,  formed  by  the 
preceding  processes,  is  in  the  state  of  a yellowish-white 
powder,  having  a specific  gravity  of  3.4.  Its  taste  is  sharp 
and  metallic ; it  is  soluble  in  water,  but  requires  a large 
quantity  for  its  solution,  nearly  1000  parts  at  212°  ; its  so- 
lution is  of  a pale  yellow  colour,  has  little  taste,  but  red- 
dens infusion  of  litmus.  It  is  melted  by  heat,  forming  a 
vitreous  matter,  and  if  heated  strongly,  is  volatilized.  By 
the  action  of  inflammable  and  metallic  substances,  it  is  re- 
duced to  the  blue  oxide  j even  the  solar  light  produces  this 
pai  tial  de-oxidation,  paper  immersed  in  its  solution  ac- 
quiring a rich  blue  colour  from  exposure  to  the  rays  of  the 
sun,  and  the  action  of  some  of  the  acids  appears  to  pro- 
duce a similar  change.  According  to  Bucholz,  it  consists 
of  77  of  the  metal  with  33  of  oxygen. 

Molybdic  acid  combines  with  the  alkalis,  and  in  enter- 
ing even  into  these  combinations,  it  appears  to  suffer  a par- 
Vol.  II.  T. 
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♦ ial  decomposition,  and  to  return  in  part  to  the  state  of 
oxide;  the  neutral  combination  with  potash  does  not  crys- 
tallize ; that  with  soda  forms  four-sided  tables ; that  with 
ammonia  chives  by  evaporation  a striated  yellowish  mass. 

In  its  action  on  the  metals,  it  always  surfers  decomposi- 
tion. It  may  be  combined  with  their  oxides  by  double  af- 
finity, and  from  several  metallic  salts  several  compounds  of 
rich  colours  are  thus  precipitated  by  the  addition  of  an  al- 
kaline molybdate.  The  molybdates,  added  even  to  the 
vegetable  colouring  substances,  appear  to  improve  the  rich- 
ness and  permanence  of  their  colours. 

Molybdena  combines  with  sulphur,  forming  a substance 
of  a flaky  texture,  similar  to  the  native  sulphuret.  With 
phosphorus  it  appears  to  unite,  forming  a compound  not 
very  different  in  appearance  from  the  metal  itself. 

Molybdena  combines  with  a number  of  the  metals  when 
exposed  with  them  to  an  intense  heat ; but  none  of  its  al- 
lovs  have  been  applied  to  any  use,  nor  do  they  present 
results  sufficiently  interesting  to  require  distinct  notice. 


CHAP.  XXIII. 

OF  TUNGSTEN. 


The  name  of  Tungsten  had  been  given  to  a mineral, 
which  Schecle  discovered  consists  of  what  he  regarded  as  a 
peculiar  metallic  acid  combined  with  lime.  Ihe  same  me- 
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tallic  matter  was  afterwards  discovered  in  another  more 
common  mineral,  wolfram,  in  which  it  is  combined  with 
manganese  and  iron.  In  both  these  minerals  it  has  since 
been  ascertained,  that  the  tungsten  is  in  the  state  of  an 
oxide,  and  that  it  does  not  even  exist  in  that  of  an  acid. 
1'  rom  the  first  it  is  extracted  merely  by  digesting  the  ore 
in  nitric  acid,  a yellow  powder  remaining,  which  is  the 
oxide  of  tungsten : to  obtain  it  quite  pure,  however,  it  is 
digested  with  ammonia,  which  dissolves  it,  and  it  is  after- 
wards precipitated  by  neutralizing  the  alkali  by  nitric  acid. 
From  wolfram  it  is  procured  by  digestion  in  muriatic  acid, 
which  dissolves  the  iron  and  manganese ; the  oxide  of  tunsr- 
sten  remains ; it  is  combined  with  ammonia  by  digestion, 
and  is  precipitated  by  nitric  acid  ,*  either  the  precipitate,  or 
the  entire  matter  obtained  by  evaporation,  being  calcined 
with  a red  heat,  by  which  the  adhering  nitric  acid  and  am- 
monia are  expelled. 

The  oxide  of  tungsten  may  be  reduced  to  the  metallic 
state,  by  exposing  it  moistened  with  oil  in  a crucible  lined 
with  charcoal  to  an  intense  heat.  The  agglutination  of  the 
metal  by  fusion  is,  however,  extremely  difficult.  In  the 
state  in  which  it  was  obtained  by  Mess.  D’Elhuyart,  the 
chemists  who  discovered  its  existence  in  wolfram,  it  is  de- 
scribed as  being  ol  a greyish-white  colour,  with  consider- 
able lustre,  hard,  and  brittle  ; its  specific  gravity  they  state 
at  l i .6,  which  is  confirmed  by  the  experiments  of  Aikin 
and  Allen,  while  by  other  chemists  it  has  been  stated  so 
low  as  8,  or  even  fi.8,  probably  from  imperfect  fusion. 

Tungsten,  though  so  difficult  of  fusion,  appears  to  be 
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very  susceptible  of  oxidation,  its  surface  tarnishing  when 
heated  under  exposure  to  the  air,  and  a quantity  of  oxide 
being  formed. 

The  white  powder  obtained  by  the  action  of  nitric  acid 
on  tungsten,  with  subsequent  digestion  with  ammonia  and 
precipitation  by  nitric  acid,  Scheele  supposed  to  be  a 
metallic  acid.  It  is  soluble  in  water,  requiring,  not  more 
than  20  parts  at  212°  for  its  solution  j its  taste  is  acrid, 
and  it  reddens  the  infusion  of  litmus  ; it  combines  too  with 
the  alkalis,  forming  crystallizable  neutral  salts.  From  the 
experiments,  however,  of  Mess.  D’Elhuyart,  this  sub- 
stance appears  to  be  a ternary  compound  of  oxide  of  tung- 
sten, nitric  acid,  and  ammonia,  which  has  been  confiimed 
by  the  experiments  of  Vauquelin  and  ITeclit.  By  boiling 
an  acid  on  it,  and  afterwards  exposing  it  to  a red  heat,  it 
is  obtained  in  the  state  of  a yellow  powder,  which  is  a pure 
oxide,  and  neither  possessed  of  acidity,  nor  capable  of  ac- 
quiring it.  This  oxide  is  insoluble  in  water,  tasteless,  and 
docs  not  change  the  vegetable  colours.  By  exposure  to  4 
strong  heat  it  is  partially  de-oxidated,  and  assumes  a green 
colour  •,  and  when  fused  with  borax,  it  forms  a globule  of 
a blue  tinge,  and  zinc,  iron,  or  tin,  immersed  in  solutions 
of  its  triple  salts,  with  the  addition  of  a little  muriatic  acid, 
produces  a rich  blue  colour.  It  contains  about  0.20  of 

oxygen. 

Tungsten  is  scarcely  sensibly  acted  on  by  the  acids,  even 
nitro-muriatic  acid  does  not  dissolve  it ; nor  is  its  oxide 
much  more  soluble.  The  oxide  combines  with  more  facility 

with  the  alkalis,  especially  when  a portion  of  acid  is  present, 

and  soluble  ternary  compounds  are  thus  formed. 
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'Hie  combination  of  tungsten  with  other  metals  has  been 
attempted,  by  exposing  to  heat  mixtures  of  the  different 
metals  with  oxide  of  tungsten  and  charcoal  powder ; but 
these  combinations  are  imperfect,  and  present  no  interest- 
ing results. 

Oxide  of  tungsten  gives  permanence  to  the  vegetable 
colours,  and  has  hence  been  proposed  to  be  employed  in 
the  formation  of  lakes. 


CHAP.  XXIV. 


OF  TITANIUM. 

T.  he  oxide  of  this  metal  was  discovered  by  Mr  Gregor 
in  a ferruginous  sand,  named  Menaclianite  from  being 
found  in  the  vale  of  Menachan  in  Cornwall.  Klaproth  af- 
terwards discovered  the  same  oxide  in  the  fossil  known  bv 
the  name  of  red  schorl,  and  it  has  since  been  discovered 
in  several  other  minerals. 

The  reduction  of  this  oxide  is  extremely  difficult.  Vau- 
quelin  and  Hecht  obtained  only  an  imperfectly  agglutinat- 
ed mass,  with  metallic  globules  interspersed.  Lampadius 
obtained  it  more  perfectly  fused,  and  found  it  to  be  of  a 
copper-red  colour  with  much  brilliancy,  but  liable  to  tar- 
nish. It  appears  to  be  volatile  at  intense  heats.  The 
metal,  when  heated  with  the  admission  of  the  air,  assumes 
tints  of  purple  and  blue  from  oxidation.  In  the  native 
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oxide,  the  degree  of  oxidation  appears  to  be  higher,  and 
even  it  can  be  oxidated  more  highly  by  fusing  it  with  pot- 
ash, a white  precipitate  forming  when  it  is  dissolved  in 
water,  which,  according  to  Vauquelin,  contains  0.11  of 
oxygen.  ( 

The  acids  act  very  feebly  on  titanium,  and  even  on  the 
native  red  oxide.  But  this  oxide,  fused  with  carbonate  of 
potash,  being  brought  to  a higher  degree  of  oxidation, 
and  combined  with  carbonic  acid,  is  more  easily  dissolv- 
ed, the  carbonic  acid  being  disengaged  with  effervescence. 
With  sulphuric  acid  it  forms  a solution,  which  on  evapo- 
ration becomes  gelatinous.  That  in  nitric  acid  affords, 
by  spontaneous  evaporation,  rhomboidal  crystals.  The 
solution  in  muriatic  acid  becomes  gelatinous  when  heated, 
transparent  crystals  forming  in  it  when  cold.  Phosphoric 
and  arsenic  acids  attract  the  oxide  from  the  other  acids, 
and  produce  insoluble  compounds  which  are  precipitat- 
ed. 

The  alkalis  decompose  the  salts  of  titanium,  throwing 
down  white  precipitates  which  are  probably  sub-salts.  Ihe 
metals  immersed  in  their  solutions  produce  partial  dc-oxi- 
dation,  which  gives  rise  to  changes  of  colour. 

Titanium  does  not  combine  with  sulphur  ; its  solutions 
are  not  decomposed  by  sulphuretted  hydrogen,  but  hydro- 
sulphuret  of  potash  throws  down  a precipitate  of  a brown- 
ish red  colour.  With  phosphorus  it  forms  a compound  of  a 
white  colour,  brittle  and  not  very  fusible. 

Its  combinations  with  the  other  metals  remain  unknown, 
that  with  iron  excepted,  which  is  of  a grey  colour,  with 
metallic  particles  of  a golden  colour  intermixed. 
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Oxide  of  titanium  lias  been  used  to  give  a brown  colour 
in  porcelain-painting,  being  applied  by  the  usual  flux. 


CHAP,  XXV, 

OF  URANIUM. 

This  metal  was  discovered  by  Klaproth  to  form  the 
principal  part  of  the  mineral,  which  had  been  known  by 
the  name  of  Pechblende,  and  he  afterwards  discovered  it 
to  exist  in  the  state  of  oxide,  in  what  had  been  named 
green  mica,  and  in  another  mineral  substance  which  has 
received  the  name  of  uranitic  ochre.  The  reduction  of  the 
oxide  to  the  metallic  form,  he  found  to  be  extremely  dif- 
ficult, but  by  exposing  it,  formed  into  a paste  with  oil  or 
wax,  to  an  intense  heat  in  a charcoal  crucible,  he  obtained 
a metallic  mass.  The  metal  was  of  a dark  grey  colour 
with  metallic  lustre,  and  hard  with  considerable  cohesion. 
Its  specific  gravity  was  8.1. 

I his  metal  is  extremely  infusible,  nor  does  it  appear  to 
be  very  susceptible  of  oxidation,  no  change  being  produc- 
ed on  its  surface  when  it  is  exposed  to  the  flame  of  the 
blow-pipe. 

Its  oxide  is  obtained,  however,  by  the  action  of  the  ni- 
tric or  nitro-muriatic  acid  on  its  ores,  and  precipitating 
the  solution  by  an  alkali.  It  is  of  a yellow  colour,  and  in- 
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soluble  in  water;  when  heated  to  ignition,  it  becomes  of  a 
brownish-grey  colour. 

The  acids  in  general  dissolve  this  oxide.  The  solution 
in  diluted  sulphuric  acid  affords  by  evaporation  prismatic 
crystals  of  a lemon-yellow  colour.  That  formed  by  nitric 
acid  affords  crystals  in  the  form  of  six-sided  tables  transpa- 
rent, and  of  a light  green  colour ; that  by  muriatic  acid 
gives  crystals  in  rhomboidal  tables,  yellowish- green.  The 
Compound  with  phosphoric  acid  is  sparingly  soluble,  and 
does  not  crystallize. 

The  alkalis  throw  down  from  the  salts  of  uranium,  preci- 
pitates of  a lemon-yellow  colour.  The  precipitates  by  the 
alkaline  carbonates  are  white.  Prussiate  of  potash  forms 
a brownish-red  precipitate,  sulphuret  of  ammonia  one 
brownish  yellow,  tincture  of  galls  one  of  a dark  brown. 
The  metals  have  no  effect  in  decomposing  them ; a proof 
of  the  strong  attraction  which  this  metal  has  to  oxygen. 

The  oxide  exposed  to  heat  with  sulphur  appears  to  form 
with  it  an  imperfect  combination,  which  is  subverted  by  a 
greater  elevation  of  temperature. 

Its  combinations  with  the  other  metals  are  unknown. 
Its  oxide  combines  by  fusion  with  vitrifiable  substances, 
and  gives  to  them  a brown  or  green  colour. 
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CIIAP.  XXVI. 

OF  TANTALUM. 

The  name  of  Tantalum  has  been  given  to  a metal  ex- 
tracted from  certain  minerals  found  in  Sweden,  in  which 
it  is  associated  with  ittria,  manganese,  and  iron. — The  fol- 
lowing are  its  properties. 

Its  oxide  obtained  by  the  processes  by  which  it  is  ex- 
tracted, is  in  the  form  of  a white  heavy  powder.  When 
exposed  to  a strong  heat  w ith  charcoal,  it  is  reduced  to  a 
globule  having  metallic  lustre,  of  a greyish-black  colour. 
The  mineral  acids  reduce  this  again  to  the  state  of  -white 
oxide,  but  in  whatever  quantity  they  are  added,  do  not 
dissolve  it,  even  when  boiled  on  it,  or  dissolve  it  only  in 
minute  quantity.  It  is  singular,  however,  that  it  is  dis- 
solved by  the  vegetable  acids,  as  the  oxalic,  tartaric,  or  ci- 
tric. It  is  dissolved  bv  the  fixed  alkalis,  and  even  by  the 
alkaline  carbonates,  and  in  larger  quantity  by  potash  than 
by  soda.  These  solutions  are  decomposed,  and  the  oxide 
precipitated  by  an  acid.  If  only  as  much  acid  is  added  as 
neutralizes  the  excess  of  alkali,  infusion  of  galls  causes  an 
orange  precipitate,  but  no  precipitation  is  occasioned  by 
prussiate  of  potash,  or  by  hydro-sulphuret  of  potash.  In- 
fusion of  galls  poured  on  the  white  oxide  recently  precipi- 
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tated,  and  still  moist,  likewise  forms  the  orange- coloured 
compound. 

A metallic  mineral  from  America  had  been  examined  a 
few  years  ago  by  Mr  Hatchet,  and  a substance  obtained 
from  it,  which  he  regarded  as  a distinct  metal,  and  named 
Columbium.  It  has  lately  been  found  by  Dr  Wollaston 
that  this  is  tantalum,  the  oxide  separated  from  the  mine- 
ral having  all  the  properties  above  described. 


/ 


CHAP.  XXV IL 

OF  CERIUM. 

This  metal  lias  been  extracted  from  a Swedish  mineral 
which  had  been  regarded  as  a variety  of  wolfram,  and 
in  which  it  is  associated  with  oxide  of  iron,  silex,  and 
lime.  The  oxide  of  cerium  is  obtained  by  dissolving  the 
mineral  in  nitro-muriatic  acid,  and  after  saturating  the 
solution  with  an  alkali,  precipitating  by  adding  tartrate  of 
potash  : the  precipitate  well  washed,  calcined,  and  digest- 
ed in  vinegar,  is  oxide  of  cerium.  It  is  reduced  to  the 
metallic  state  by  exposure  to  an  intense  heat  in  mixture  with 
lamp-black,  oil,  and  borax,  but  in  this  state  it  has  been 
obtained  only  in  such  a minute  quantity,  that  the  proper- 
ties of  the  inctal  have  not  been  described. 
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The  oxide  appears  to  exist  in  different  degrees  of  oxi- 
dation. When  precipitated  from  its  solutions  in  acids  by 

\ 

an  alkali,  it  is  white  ; it  becomes  yellow  when  dried  in 
the  air,  and  red  when  exposed  to  heat.  It  melts  with 
borax,  assuming  with  it  before  the  flame  of  the  blow-pipe, 
a blood-red  colour,  which  disappears  on  cooling. 

Cerium  Vauquelin  found  to  be  insoluble  in  any  unmix- 
ed acid,  and  to  be  soluble  only  in  minute  quantity  in  in- 
tro-muriatic acid.  Its  oxide  dissolves  in  sulphuric  acid, 
forming  a solution  colourless,  or  of  a light-red  tinge,  of  a 
sweet  taste,  and  which  by  evaporation  affords  white  crys- 
tals ■,  if  the  oxide  is  in  a high  state  of  oxidation,  the  solu- 
tion is  of  an  orange  colour,  and  affords  prismatic  crystals 
of  the  same  colour.  Nitric  acid  dissolves  the  white  oxide; 
the  solution  has  a sweet  taste  with  some  sharpness ; it 
does  not  easily  crystallize.  The  red  oxide  is  dissolved  with 
more  difficulty  unless  heat  be  applied  ; the  solution  is  of  a 
yellowish-green  colour  ; when  there  is  an  excess  of  acid,  it 
affords  crystals  by  evaporation,  if  neutral,  it  merely  be- 
comes thick.  Muriatic  acid  dissolves  the  red  oxide  slowly ; 
the  solution,  evaporated  to  the  consistence  of  honey,  under- 
goes an  irregular  crystallization,  and  affords  a deliquescent 
mass,  soluble  in  water  and  in  alkohol.  Phosphoric  and 
carbonic  acids  form  with  it  insoluble  salts. 

The  salts  of  cerium  are  decomposed  by  the  alkalis ; pre- 
cipitates are  thrown  down,  but  if  an  excess  of  acid  be 
present,  triple  salts  are  formed.  From  the  saturated  so- 
lutions, prussiate  of  potash  throws  down  a white  precipi- 
tate ; infusion  of  galls  one  which  is  also  white  ; hydro-sul- 
phuret  of  ammonia,  one  which  is  green  or  brown  accord- 
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in g to  the  proportions  ; and  hydro-sulphuret  of  potash, 
one  which,  when  iron  is  not  present,  is  white,  and  appears 
to  be  the  pure  oxide.  Phosphorus  throws  down  a white 
precipitate  ; there  is  no  metallic  precipitation  from  the 
action  of  iron  or  zinc. 

The  alkalis  do  not  act  on  c'erium  ; ammonia  merely  ren- 
ders the  oxide  yellow  without  dissolving  it ; the  alkaline 
carbonates  dissolve  a small  quantity  of  it,  forming  ternary- 
salts. 


BOOK  VIT. 


OF  MINERAL  COMPOUNDS. 


JThe  method  of  classification  which  I have  followed  being 
founded  on  analogies  in  chemical  constitution  and  proper- 
ties, I have  in  conformity  to  it  placed  together,  under  the 
above  appellation,  and  as  forming  a distinct  class,  sub- 
stances which  in  these  respects  are  closely  connected.  They 
are  those  compounds  chiefly  of  earths  and  metals  which  oc- 
cur in  nature,  forming  the  principal  products  of  the  mine- 
ral kingdom. 

The  characters  of  these,  as  objects  of  chemical  science, 
are  rather  peculiar.  From  the  nature  of  their  composi- 
tion, and  still  more  from  the  state  of  aggregation,  they 
exert  scarcely  any  important  chemical  agencies,  and  dis- 
play few  striking  chemical  properties  ; in  no  case  do  they 
enter  into  chemical  combination,  and  their  history  is  thus 
in  a great  measure  limited  to  the  description  of  their  phy- 
sical qualities,  and  the  account  of  their  constitution,  so 
far  as  this  has  been  discovered  by  analysis. 
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Fro-  these  peculiarities  it  has  happened,  that  these 
substances  have  frequently  been  regarded  as  objects  of 
mere  description,  and  hence  as  belonging  to  a different 
department  of  knowledge  from  chemistry.  It  is  this  which 
constitutes  mineralogy,  the  object  of  which  strictly  is  to  de- 
scribe with  accuracy  the  external  appearance  of  minerals, 
and  by  these  to  discriminate  them  from  each  other.  But 
still  they  also  fall  within  the  province  of  chemistry ; they 
are,  in  common  with  all  natural  bodies,  objects  of  its  inves- 
tigations, with  the  view  of  discovering  their  composition  ; 
and  it  is  only  on  this  composition  that  their  proper  speci- 
fic distinctions  can  be  established. 

It  has  been  attempted,  indeed,  to  establish  the  species  of 
minerals  on  other  grounds ; and  in  particular  it  has  been 
assumed,  that  an  agreement  in  external  qualities  is  suffi- 
cient to  unite  under  one  species  those  minerals  in  which 
it  is  observed ; and  in  the  system  of  W erner,  this  prin- 
ciple frequently  regulates  the  classification,  in  opposition 
even  to  the  results  of  chemical  analysis.  So  far  as  the 
properties  of  bodies  are  connected  with  their  chemical 
constitution,  an  agreement  in  the  former  may  no  doubt 
be  considered  as  denoting  a similarity  in  the  latter  ; but 
differences  of  properties  frequently  arise  from  other  causes, 
and  in  minerals  particularly,  from  the  state  of  aggregation. 
Hence  by  attending  to  such  differences  alone,  substances 
essentially  the  same  will  be  regarded  as  specifically  diffe- 
rent, and  without  the  light  which  chemistry  reflects,  mi- 
neralogy would  from  this  cause  soon  include  many  inaccu- 
rate distinctions. 

There  is  another  character  connected  with  the  internal 
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structure  of  minerals,  which  has  been  assumed  as  a basis 
of  their  specific  distinctions.  Hauy,  the  celebrated  French 
mineralogist,  discovered,  that  in  all  crystallized  minerals, 
there  exists  in  the  crystal  a nucleus  of  a certain  geometric 
form,,  capable  of  being  extracted  from  it  by  mechanical 
division  in  those  directions  which  correspond  with  the  na- 
tural joinings  of  the  laminae  that  compose  the  entire  crys- 
tal. This  nucleus,  or  primitive  form,  as  it  has  been  nam- 
ed, he  farther  found  to  be  the  same  in  the  various  crystals 
of  one  substance,  however  diversified  their  figure  might 
be,  as,  for  example,  in  the  different  varieties  of  carbonate 
of  lime  ; he  hence  inferred,  that  it  indicated  identity  of  spe- 
cies, and  afforded  a just  ground  for  the  specific  distinctions 
of  minerals.  Its  insufficiency,  taken  by  itself,  however,  is 
sufficiently  evident  from  the  fact,  that  the  same  primitive 
form  is  found  in  substances  acknowledged  to  be  totally  dif- 
ferent ; and  there  is  therefore  still  the  necessity  of  chemi- 
cal analysis,  or  of  some  other  principle,  to  determine  its 
application.  The  singular  fact  has  farther  been  established, 
that  in  minerals  of  precisely  the  same  nature,  at  least  as 
far  as  the  most  rigid  analysis  can  determine,'  the  primitive 
forms  of  their  crystals  are  in  some  cases  different.  And, 
lastly,  the  character,  were  it  admitted,  is  not  applicable 
to  those  minerals  which  do  not  occur  in  a crystallized 
state. 

The  only  proper  basis  of  specific  distinction  in  mineral 
bodies,  is  chemical  composition.  It  is  this  which  is  the 
source  of  all  their  essential  properties,  and  which  properly 
establishes  the  identity  of  two  substances;  and  distinctions 
from  other  sources  are  altogether  arbitrary  and  artificial 
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In  organised  bodies,  indeed,  there  is  a different  ground  of 
specific  distinction, — the  peculiar  organization  and  form  of 
each  individual  as  a living  being,  and  the  power  of  trans- 
mitting these,  or  of  producing  a similar  being.  But  in 
the  mineral  kingdom  this  is  altogether  wanting,  and  no- 
thing remains  equally  determinate  but  the  chemical  com- 
position. 

It  is  to  be  acknowledged,  however,  that  the  specific  com- 
position of  these  substances  is  not  always  easily  determin- 
ed, so  as  to  admit  of  a method  strictly  chemical  being  fol- 
lowed. They  usually  consist  of  several  principles  combin- 
ed, and  diversities  of  properties  are  established  from 
differences  of  proportions  frequently  minute,  and  still  more 
from  mere  differences  in  the  state  of  aggregation.  In- 
gredients, too,  are  often  contained  in  them  which  are  not 
essential  to  the  composition.  Our  modes  of  analysis 
are  imperfect,  the  proportions  cannot  always  be  esti- 
mated with  accuracy,  and  the  modes  of  combination  are 
in  many  cases  almost  unknown.  Hence  it  is  often  difficult 
to  establish  an  identity  of  composition  among  minerals 
which  have  a resemblance  in  external  qualities,  or  to  unite 
the  varieties  of  a species  by  the  results  of  their  chemical 
analysis. 

From  these  circumstances  it  has  been  found  necessary, 
in  fixing  the  fnineral  species,  to  adopt  a less  rigorous  me- 
thod. A certain  combination  may  be  understood  to  con- 
stitute a species,  and  this  can  in  many  cases  be  unequivo- 
cally determined,  as  in  all  those  cases  in  which  an  earth 
and  an  acid  are  united  together.  There  arc  others  m 
which  the  composition  is  more  complicated,  and  in  which  it 
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is  more  difficult  to  determine  what  constitutes  the  specific 
composition,  as  where  the  analysis  discovers  four  or  five 
ingredients,  united  perhaps  in  different  varieties  of  the 
fossil  in  different  proportions.  In  such  cases  it  is  necessary 
to  have  recourse  to  other  sources  of  distinction  : these  are 
drawn  from  the  external  properties  of  the  substances,  or 
from  the  mechanical  structure,  as  developed  in  their  crysr 
talline  forms  ; and  thus  many  of  the  species  at  present 
received  in  mineralogical  systems,  are  established  as  much 
on  these  distinctions  as  on  the  chemical  composition. 

It  is  only  to  be  understood,  that  these  methods  are  pro- 
visional and  subordinate.  A peculiar  composition  no  doubt 
constitutes  every  natural  species,  and  will  be  discovered 
in  all,  as  the  methods  of  chemical  analysis  are  improved. 

The  classification  of  minerals  is  thus  to  be  regarded  as 
essentially  chemical.  Each  earth,  for  example,  or  each 
metal,  forms  a genus,  under  which  are  arranged  as  spe- 
cies the  particular  fossils  in  which  it  predominates  ; the  na- 
tive saline  compounds,  as  well  as  the  mineral  inflammables, 
arc  arranged  on  a similar  principle.  And  under  all  these 
genera  the  species  are  established,  as  far  as  the  imperfect 
state  of  the  science  admits,  on  identity  of  composition. 

It  is  obvious,  that  in  thus  considering  the  description 
of  minerals  as  subservient  to  their  chemical  relations,  those 
minute  details  of  external  qualities  and  appearances  which 
properly  belong  to  a strictly  mineralogical  work  are  in  a 
great  measure  excluded.  It  is  sufficient  to  enumerate  the 
more  important  and  characteristic  properties,  those  which 
unite  the  varieties  of  the  species,  and  serve  to  distinguish 
it  from  others.  It  is  in  conformity  to  this  principle,  that, 
Vol.  IL  • M 
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I have  given  the  brief  mineralogical  descriptions  in  the  fol- 
lowing chapters.  It  is  equally  evident,  that  in  conformity 
to  these  views,  a place  can  be  given  to  those  minerals  only 
which  have  been  fully  examined,  and  are  well  defined. 

The  properties  of  minerals  being  often  diversified  by 
slight  shades  of  differences,  and  such  differences  being  at 
the  same  time  frequently  of  importance  in  affording  cha- 
racters of  distinction,  it  has  become  necessary  to  employ 
mineralogical  language  with  much  precision;  and  hence  all 
the  terms  employed  to  denote  the  external  appearances  of 
minerals  have  been  exactly  defined.  Such  a view  of  this 
language  as  is  consistent  with  the  limits  of  this  treatise, 
would  scarcely  be  of  any  utility  -,  and  the  subject  being 
scarcely  elementary,  I refer  for  an  abstract  of  it  to  my 
larger  System,  or  to  the  treatise  by  Professor  Jameson  on 
the  External  Characters  of  Minerals. 


CHAP.  1. 

• t i 

OP  SALINE  MINERALS. 

Under  this  order  have  been  frequently  placed  all  those 
mineral  substances  which  have  the  general  characteis  of 
salts, — are  sapid,  soluble  in  wat6r,  and  crystal  lizable.  *t't' 
veral  of  these,  however,  have  a metallic  or  earthy  base,  and 
according  to  the  principles  of  chemical  arrangement,  may 
be  placed  under  the  genus  ol  earthy  or  metallic  fossils, 
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with  which  they  are  connected.  There  will  thus  remain 
included  under  the  order,  only  those  few  compounds  form- 
ed from  the  combinations  of  acids  with  alkaline  base.  These 
may  be  arranged  according  to  their  base. 


Sect.  I .-—Of  Native  Salts  with  Base  of  Ammonia. 

Muriate  of  ammonia  is  the  only  species  which  can  be 
referred  to  this  genus.  It  is  sometimes  found  as  a product 
of  volcanoes,  or  p redo-volcai loes,  being  probably  formed 
by  the  action  of  heat  on  substances  containing  its  elements, 
and  sublimed,  in  the  form  of  an  efflorescence,  loose  and 
flaky ; sometimes  also  massive,  tuberose,  or  even  indis- 
tinctly crystallized  ; and  is  easily  recognised  by  its  chemi- 
cal properties. 


Sect.  II. — Of  Native  Salts  with  Base  of  Potash , 

Nitke  or  nitrate  of  potash,  is  the  only  species  belong- 
ing to  this  genus.  It  occurs  as  an  efflorescence  on  the 
surface  of  the  ground  in  warm  and  dry  climates,  on 
soils  strongly  impregnated  with  vegetable  and  animal  sub- 
stances, and  is  evidently  formed,  as  has  been  already  re- 
marked, from  the  elements  evolved  in  the  decomposition  of 
these  substances.  It  sometimes  too  forms  an  efflorescence 
on  limestone  rocks  ; it  is  easily  distinguished  by  its  cool 
fastc,  and  by  the  deflagration  it  excites  in  burning  fuel. 

M2 
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SECT.  III. — Of  Native  Salts  with  Base  of  Soda . 

Foui'  salts  are  comprised  under  this  genus, — sulphate  of 
soda,  carbonate  of  soda,  muriate  of  soda,  and  borax. 

Sulphate  of  soda  is  a frequent  ingredient  in  mineral 
springs ; it  is  sometimes  deposited  at  the  sides  of  salt  lakes, 
or  as  an  efflorescence  on  the  soil  in  their  neighbourhood, 
and  is  easily  discovered  by  its  chemical  characters. 

Carbonate  of  soda  is  found  native  in  the  form  of  an  ef- 
florescence on  the  surface  of  the  ground  in  different  coun- 
tries, particularly  in  India : in  some  oi  the  interior  dis- 
tricts in  Africa,  it  occurs  in  crystalline  layers  or  deposites. 
And  in  Egypt  and  Hungary,  it  is  found  dissolved  in  the 
water  of  certain  lakes,  from  which,  in  the  dry  season,  it  is 
likewise  deposited.  In  all  these  cases  it  is  found  associated 
with  sulphate  and  muriate  of  soda  ; and  from  the  descrip- 
tion given  by  the  French  chemists  ol  the  lakes  in  Egjpt 
and  the  nature  of  the  surrounding  rocks  and  soil,  it  ap- 
pears to  be  derived  from  the  infiltration  of  water,  holding 
muriate  and  sulphate  of  soda  dissolved,  through  a bed  of 
carbonate  of  lime,  the  muriatic  and  sulphuric  acids  being 
probably  abstracted  by  the  lime,  and  the  carbonate  of  soda 
removed  by  efflorescence,  so  that  the  re-action  of  the  mu- 
riate of  lime  on  it  is  obviated. 

Muriate  of  soda,  the  Rock-salt  of  mineralogists,  is  the 
most  abundant  saline  product  of  the  mineral  kingdom,  be- 
ing found  in  immense  deposites,  besides  what  exists  in 
mineral  springs,  and  in  the  water  of  the  ocean.  It  is  in 
masses,  having  a crystalline  structure,  transparent,  or  seim 
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transparent,  of  a white-grey  or  reddish  colour,  with  vi- 
treous lustre,  and  having  a taste  purely  saline.  Its  frac- 
ture is  foliated,  sometimes  fibrous,  and  its  fragments  are 
cubical.  It  is  usually  pure,  or  contains  only  a minute 
quantity  of  iron.  Its  beds  are  connected  with  rocks  of  se- 
condary formation. 

Borax  or  sub-borate  of  soda,  it  has  already  been  stated, 
is  found  in  Thibet,  being  deposited  from  the  water  of  a 
lake  in  which  it  is  dissolved,  in  crystalline  masses,  some- 
times of  regular  forms,  of  a greenish  colour,  and  semi- 
transparent, with  vitreous  lustre,  having  a foliated  fracture. 
There  appears  to  be  a constant  reproduction  of  it,  as,  al- 
though it  has  been  long  dug,  there  is  no  appearance  of  if 
being  exhausted ; but  of  its  origin  nothing  is  know n. 
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CHAP.  II. 

OF  EARTHY  MINERALS. 

Under  this  order  are  placed  those  fossils  in  wliich  the 
primary  earths  are  the  predominating  ingredients,  though 
with  these  are  frequently  combined  saline  and  metallic  sub- 
stances. It  is  subdivided  into  genera,  according  to  the 
particular  earth  which  enters  principally  into  the  composi- 
tion •,  and  under  each  genus  the  species  containing  this 
earth  are  arranged.  Generally  speaking,  the  earthy  fossils 
are  tasteless,  insoluble  in  water,  uninflammable,  and  of 
moderate  specific  gravity. 
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'Sect.  I. — Of  Rcirylic  Minerals. 

Under  this  genus  there  are  only  two  species,  the  Sul- 
phate and  the  Carbonate.  They  are  distinguished  from 
other  earthy  fossils,  by  their  greater  specific  gravity. 

Sulphate  of  Barytes. — The  Heavy  Spar  of  minera- 
logists forms  several  sub-species.  The  common  variety, 
the  Lamellar,  or  Foliated,  occurs  massive,  and  often  crys- 
tallized : the  forms  of  its  crystals  are  numerous,  but  are  all  re- 
duced to  the  oblique  four-sided  prism,  and  the  rectangular 
four-sided  table,  either  perfect,  or  modified  by  truncation  or 
bevehnent  of  the  edges  or  angles.  The  colour  is  white,  fre- 
quently with  shades  of  grey,  yellow,  brown,  or  red ; the 
lustre  shining,  intermediate  between  pearly  and  vitreous  : 
it  is  transparent,  semi-transparent,  and,  when  massive, 

■ 

often  only  translucent : its  fracture  is  foliated,  straight  or 
curved.  It  is  moderately  hard ; is  brittle  and  heavy,  its 
specific  gravity  being  from  4.3  to  4.5.  It  melts  before  the 
blowpipe  into  a white  enamel.  It  consists  ol  sulphuric, 
acid  and  bary  tes,  with,  in  several  varieties  ot  it,  small  pro- 
portions of  sulphate  of  strontites,  silex,  argil,  and  iron. 

The  other  varieties  are  so  unimportant,  as  scarcely  to 
require  distinct  notice.  Granular  Heavy  Spar  presents 
a fracture  very  small,  and  fine  foliated,  and  contains  about 
• 10  of  silex  in  100  parts.  Compact  Heavy’  Spar  has  a 
fracture  fine  grained  uneven,  passing  into  coarse  earthy  ; 
has  less  lustre  ; is  opaque,  or  only  translucent  on  the  edges; 
is  massive,  sometimes  earthy  and  dull.  Columnar  Heavy 
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Spar  derives  its  name  from  the  appearance  of  its  crystal- 
lized masses,  which  are  composed  of  oblique  four-sided 
prisms,  aggregated  in  a columnar  form.  JT he  Bolognian 
Heavy  Spar  occurs  in  rounded  masses,  and  presents  a ra- 
diated fracture  ; the' rays,  or  narrow  planes,  being  parallel 
or  divergent. 

Carbonate  op  Barytes  .occurs  massive,  in  globular 
pieces,  and  rarely  crystallized.  Its  crystals  are  six-sided 
prisms,  acuminated  by  six  planes  and  double  six-sided 
pyramids ; its  colour  is  white,  with  a shade  of  grey  ; it  is 
.translucent  or  semi-transparent ; its  lustre  is  shining.  Its 
fracture,  in  ope  direction,  is  intermediate  between  radiat- 
ed and  foliated,  in  another  uneven,;  its  fragments  are 
wedge-shaped ; it  is  semi-hard  ; its  specific  gravity  is  4.3. 
It  is  fused  by  the  flame  of  the  blowpipe  into  a white  ena- 
mel; dissolves  with  effervescence  in  diluted  nitric  acid. 
According. to  Withering,  it  consists  of  barytes  78.6,  car- 
bonic acid  20.8.  Klaproth  found  it  in  a small  quantity  of 
carbonate  of  strontites,  with  minute  traces  of  argil,  oxide 
of  copper,  and  oxide  of  iron. 


i 

Sect.  IT. — Of  Strontitic  Fossils. 

The  natural  species  of  this  genus  are  those  in  which 
the  earth  is  mineralized  by  sulphuric  and  by  carbonic  acids. 
The  Sulphate  occurs  massive,  and  crystallized  in  six- 
sided  tables,  or  in  rhomboidal  four. sided  prisms  acuminat- 
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ed  by  four  planes.  Its  colour  is  milk-white,  frequently 
with  a shade  of  blue ; sometimes  it  is  of  a grey  colour,  or 
of  a reddish  tinge.  The  crystals  are  semi  transparent,  or 
translucent:  the  massive  is  nearly  opaque:  its  lustre,  when 
crystallized,  is  shining;  when  massive,  it  is  dull.  The 
fracture  is  foliated,  fibrous,  or  compact  fine  splintery. 
The  specific  gravity  is  from  3.5  to  3.8.  It  consists  of 
strontites  58.25,  sulphuric  acid  41.75,  with  a little  oxide 
of  iron;  and  in  some  varieties,  8 or  10  parts  of  carbonate 
of  lime. 

The  Carbonate  has  been  found  only  at  Strontian  in 
Argyleshire.  It  is  usually  massive : sometimes  from  the 
maSs  slender  crystals  shoot,  which  appear  to  be  six- 
sided  prisms  acuminated  by  six  planes.  Its  colour  is  light 
green : frequently  it  is  only  of  a greenish  white,  some- 
times of  a yellowish  colour  ; its  lustre  is  shining  and  pear- 
ly : its  fracture  is  fibrous  or  radiated ; it  is  semi-hard, 
brittle  ; has  a specific  gravity  of  3.6  or  3.7.  Before  the1 
flame  of  the  blowpipe  it  becomes  white  and  opaque,  but 
is  not  fused.  It  dissolves  in  diluted  nitric  acid  with  effer- 
vescence. According  to  Dr  Hope’s  analysis  of  it,  it  con- 
sists of  strontites  61.21,  carbonic  acid  30.2,  water  8.59. 


Sect,  III. — Of  Calcareous  Fossils. 

The  fossils  which  belong  to  this  genus  consist  of  lime, 
j tt  combination  with  different  acids. 
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Sulphate  of  Lime  forms  the  Gypsum  of  mineralogists. 
Four  varieties  have  been  formed,-— the  Earthy,  Compact, 
Fibrous,  and  Foliated.  The  first  occurs  pulverulent,  or 
slightly  indurated  ; of  a yellowish  or  greyish-white  colour  ; 
dull  and  meagre  to  the  touch.  Compact  Gypsum  is  the 
substance  named  Alabaster,  which  is  used  for  statuary- 
It  is  massive ; its  fracture  is  even  ; its  colours  are  ^usually 
shades  of  grey  : it  has  little  lustre,  though  it  acquires  it 
when  polished : it  is  translucent  on  the  edges,  and  veiy 
soft.  Fibrous  Gypsum  occurs  massive : its  fracture  is  dis- 
tinctlv  fibrous,  more  or  less  broad;  the  fibres  being 
straight  or  curved,  and  always  parallel : its  usual  colour 
is  white,  frequently  with  shades  of  grey,  yellow,  or  red : 
its  lustre  is  shining  and  silky  : it  is  translucent,  or  semi- 
transparent ; is  so  soft  as  to  be  scratched  by  the  nail : its 
specific  gravity  is  2.3.  The  last  variety,  the  Foliated 
Gypsum,  including  the  Selenite,  occurs  massive  and  crys- 
tallized ; the  forms  of  its  crystals  being  the  oblique  six- 
sided  prism  bevelled,  or  acuminated  by  four  convex  planes 
at  each  extremity  ; and  when  the  prism  is  wanting,  these 
planes  united  form  a spherical  convex  lens.  Its  colours 
are  generally  white : its  lustre,  when  crystallized,  is  sinn- 
ing, generally  pearly : when  massive,  it  is  more  dull : it 
is,  when  crystallized,  transparent ; when  amorphous,  it 
varies  from  this  to  translucent : its  fracture  is  curved  fo- 
liated ; sometimes  diverging  radiated : that  of  what  has 
been  named  Selenite  is  large  foliated,  or  straight,  somc- 
' times  curved : it  is  easily  split : it  is  soft,  so  as  to  be 
scratched  by  the  nail ; feels  smooth  ; has  a specific  gravity 
of  2.3. 
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AJI  tlie  varieties  of  native  sulphate  of  lime  have  ncarlv 
the  same  chemical  characters.  They  lose  their  transpa- 
rency before  the  flame  of  the  blowpipe  ; and  when  strong- 
ly urged  by  the  flame,  give  a white  or  yellowish  enamel. 
They  .are  . soluble  in  sulphuric  acid,  when  its  action  is  aid- 
ed by  heat.  Selenite,  which  is  the  purest  variety,  consists 
of  lime  32,  sulphuric,  acid  46,  water  22:  the  several  va- 
rieties frequently  also  contain  carbonate  of  lime,  oxide  of 
iron,  argil,  and  silex. 

A native  sulphate  of  lime  has  been  discovered,  into  the 
composition  of  which  water  .does  not  appear  to  enter,  and 
which  perhaps  forms  therefore  a distinct  species.  It  has 
been  named  the  Anhydrous  Gypsum,  and  differs  from  the 
other  in  its  forms  of  crystallization,  and  in  being  harder. 
According  to  Mr  Chencvix’s  analysis  of  it,  it  consists  of 
44.88  of  acid,  and  55.12  of  lime.  The" Anhydrite,  and  the 
Cube  Spar  of  VvT erner,  have  both  been  described  as  an- 
hydrous sulphate  of  lime. 

Carbonate  or  Lime  occurs  in  very  different  states, 
arising  from  differences  in  its  aggregation,  and  from  the 
intermixture  of  other  substances  besides  its  immediate 
principles.  I here  is  hence  considerable  difficulty  in  ar- 
ranging its  varieties,  and  in  determining  whether  some 
of  them  ought  not  16  be  regarded  as  distinct  species. 

Crystallized  Carbonate  of  Lime. — The  Calcareous 
Spar  of  mineralogists  is  the  species  in  its  purest  state. 
The  primary  forms  of  its  crystals  are  the  six-sided  pyra- 
mid, the  three-sided  pyramid,  and  the  six-sided  prism ; 
with  numerous  modifications  from  combination,  acumina- 
lion,  bcvelmcnt,  and  truncation,  giving  rise  to  a variety 
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of  oilier  forms : the  crystals  are  generally  transparent,  or 
semi-transparent : they  have  very  distinctly  the  property  of 
double  refraction ; the  lustre  is  usually  shining  and  resplend- 
ent, vitreous,  or  sometimes  pearly : the  colour  is  white,  some- 
times also  grey,  green,  red,  yellow,  and  light  purple. 
The  fracture  is  foliated,  with  a threefold  cleavage:  the 

fragments  are  rliomboidal:  it  is  semi-hard,  so  as  to  be 
© 

easily  scratched  with  a knife:  it  is  also  biittle.  its  specific- 
gravity  is  2.7.  It  decrepitates  before  the  flame  of  the  blow- 
pipe, but  does  not  melt : it  effervesces  strongly  with  the 
acids,  and  is  entirely  soluble  in  diluted  nitric  or  muriatic 
acid.  According  to  its  analysis  by  Yauquelin,  it  consists 
of  56  of  lime,  with  43.5  of  carbonic  acid. 

There  are  some  crystallized  fossils,  which,  from  the 
most  accurate  chemical  analysis,  can  be  discovered  to  con- 
sist only  of  carbonate  of  lime,  yet  which  differ  from  cal- 
careous spar  in  some  of  the  most  essential  characters.  Ar- 
ragon  Spar,  or  Arragonite,  is  the  fossil  with  regard  to 
which  this  was  first  observed.  Haiiy  found  that  the  cleav- 
age was  different,  indicating  a different  crystalline  arrange- 
ment, and  a difference  in  the  forms  of  their  primitive 
molecules  ; and  it  differs  also  in  hardness  and  specific  gra- 
vity. It  still  continues,  therefore,  to  afford  the  greatest 
difficulty  in  the  crystallographic  system  of  Ilaiiy,  and  pre- 
sents undoubtedly  a singular  anomaly.  The  hard  carbo- 
nate of  lime  described  by  Bournon,  and  which  exhibits  a 
similar  anomaly,  is  probably  to  be  placed  with  the  arra- 
gonite. Its  specific  gravity  is  nearly  the  same,  being 
2.912  : its  hardness  is  equally  superior  to  that  of  calcareous 
spar,  and  exceeds  a little  that  of  the  arragonite  itself:  and. 
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there  appears  to  be  some  difference  in  its  crystalline  struc- 
ture ; no  difference  can  be  discovered  in  the  composition 
between  it  and  common  carbonate  of  lime. 

Fibrous  Carbonate  of  Lime. — This  variety  occurs 
massive,  or  in  various  imitative  shapes  *,  the  stalactites  and 
stalagmites,  which  are  deposited  from  water,  holding  car- 
bonate of  lime  in  solution,  belong  to  it  ; but  it  also  oc- 
curs, not  of  stalactitic  origin,  in  veins.  Stalactitic  carbo- 
nate of  lime  is,  from  the  nature  of  its  formation,  pre- 
sented under  various  external  shapes,  conical,  tuberose, 
coraliform,  and  botryoidal.  Its  colour  is  white,  frequent- 
ly with  shades  of  grey,  yellow,  red,  and  green  : its  lustre 
is  usually  weakly  shining  ; it  is  translucent,  approaching 
to  semi-transparent  j its  fracture  is  fibrous,  the  fibres 
being  straight,  and  generally  divergent ; it  is  rather 
softer  than  the  calcareous  spar  : its  specific  gravity  is  2.7. 
Its  chemical  characters  are  the  same  with  those  of  the 
other  varieties  of  carbonate  of  lime.  The  Pisolithe,  or 
Peastone,  so  named  from  the  mass  being  composed  of 
Small  rounded  concretions  like  peas,  appears  to  be  of  a 
similar  origin.  Roestone  is  probably  connected  with  this. 
It  is  in  small  globular  concretions,  dull,  opaque,  of  a 
brown  or  yellowish  colour,  soft,  and  easily  broken. 

Granular  Carbonate  of  Lime,  or  Granular  Lime- 
stone, occurs  massive,  forming  extensive  strata,  generally 
connected  with  primitive  rocks,  or  those  of  transition,  and 
hence  sometimes  receivingthe  name  of  Primitive  Limestone. 
Its  fracture  is  small  foliated,  sometimes  splintery;  its  colours 
are  white  and  grey  ; its  lustre  varies  from  shining  to  glim- 
mering, and  is  intermediate  between  pearly  and  vitreous  $ 
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it  is  translucent ; is  harder  than  calcareous  spar,  and  les> 
brittle.  Its  specific  gravity  is  2.7  or  2.8.  It  effervesces 
with  acids.  Its  analysis  has  been  extended  to  few  of  its 
varieties.  It  appears  often  to  be  a carbonate  of  lime  nearly 
pure,  but  it  sometimes  also  contains  silex,  argil,  and  mag- 
nesia, in  proportions  variable,  and  not  well  determined. 

The  granular  limestone  furnishes  some  of  the  finest 
marbles,  and  particularly  those  which  are  used  for  statuary. 

Compact  Carbonate  of  Lime,  or  Compact  Limestone, 
is  carbonate  of  lime  much  less  pure,  other  substances  being 
generally  present  in  considerable  proportion.  Its  fracture 
is  always  compact,  generally  small  scaly,  passing  into  un- 
even or  earthy.  Its  usual  colour  is  grey,  but  frequently 
diversified  with  shades  of  other  colours  : it  is  dull,  and  a 
little  translucid  on  the  edges  •,  it  is  semi-hard  ; has  a speci- 
fic gravity  of  2.6  or  2.7.  It  occurs  always  massive,  gene- 
rally regularly  stratified,  and  in  connection  with  other  se- 
condary strata,  and  often  contains  in  great  abundance  the 
remains  and  impressions  of  organic  beings,  particularly  of 
marine  animals.  It  is  in  common  use  for  burning  into 
lime,  and  when  of  a fine  grain,  is  sometimes  polished  as 
marble. 

Chalk  is  a carbonate  of  lime  nearly  pure,  deriving  its 
external  characters  from  its  state  of  aggregation.  It  occurs 
massive,  generally  in  beds ; is  little  indurated  : its  fracture 
is  earthy;  its  colour  white,  ol  yellowish,  dull,  and  opaque; 
is  so  soft  as  to  soil.  It  dissolves  in  acids  with  effervescence. 

Marl  is  an  impure  carbonate  in  a loose  state  ol  aggrega- 
tion. It  is  sometimes  composed  of  earthy  particles,  is  dull, 
and  feels  meagre  : sometimes  it  is  more  indurated,  but  is 
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still  so  soft  as  to  yield  to  the  nail ; it  effervesces  with  acids, 
and  generally  falls  to  powder  in  water,  or  under  exposure 
to  atmospheric  air.  Marls  contain,  besides  carbonate  of 
lime,  generally,  clay,  magnesia,'  silex,  and  oxide  of  iron, 
in  variable  quantities.  The  medium  proportion  of  carbo- 
nate of  lime  is  from  50  to  60  per  cent. 

1 here  remain  some  fossils,  in  which  carbonate  of  lime  is 
chemically  combined  with  other  principles,  and  which  per- 
haps properly  constitute  distinct  species. 

Pearl  Spar,  or  Brown  Spar,  is  carbonate  of  lime,  with 
oxides  of  iron  and  manganese : it  occurs  massive,  dissemi- 
nated, and  crystallized ; its  crystals  being  rhombs,  or 
lenses : its  colours  are  white,  often  with  shades  of  grey, 
yellow,  6r  red ; but,  from  exposure  to  the  air,  its  colour 
darkens,  and  becomes  brown.  Its  lustre  is  shining  and 
pearly  ; it  is  semi-transparent  or  translucent ; its  fracture 
is  usually  curved  foliated  ; its  fragments  are  rhomboidal ; 
its  hardness  and  specific  gravity  are  a little  greater  than 
those  of  calcareous  spar  : it  blackens  before  the  blowpipe; 
it  effervesces  with  acids,  but  not  strongly.  It  usually  con- 
tains above  50  of  carbonate  of  lime,  with  variable  quantities 
of  iron  and  manganese.  When  these  are  in  large  propor- 
tion, it  forms  the  Sparry  Iron  Ore.  The  manganese  ap- 
pears to  exist  in  it  at  the  minimum  of  oxidizement;  and  it 
is  from  it  absorbing  oxygen,  that  the  deepening  of  the 
colour  from  exposure  to  the  atmosphere  happens. 

Ilhomb  Spar,  or  Bitter  Spar,  consists  of  carbonate  of 
lime  with  carbonate  of  magnesia,  and  a little  oxide  of  iron 
and  oxide  of  manganese.  It  occurs  crystallized  in  rhombs ; 
which  arc  semi-transparent,  or  translucent ; has  a shining 
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lustre,  and  is  of  a white  ox*  grey  colour.  Its  fracture  is 
straight  foliated  ; its  fragments  are  rhomboidal ; it  is  rather 
harder  than  calcareous  spar ; its  specific  gravity  is  less,  be- 
ing only  2.48.  It  effervesces  little  with  acids. 

Sehieffer  Spar,  or  Argentine,  occurs  massive;  has  a 
high  pearly  lustre ; is  translucent,  and  of  a white  colour, 
with  shades  of  green  or  red  ; its  fracture  is  curved  foliated  ; 
its  fragments  are  slaty,  or  wedge-shaped ; is  soft ; its  spe- 
cific gravity-ds  2.7  : it  effervesces  strongly  with  acids.  Heat- 
ed, it  becomes  brown,  and  may  be  fused  into  a.  brown 
porcelain.  Its  composition,  according  to  Mr  Aikin’s  ana- 
lysis, is  carboxxatc  of  lime  98.-118,  sile-x  0.5,  oxide  of  iron 
.8,  with  1.032  of  loss.  It  appears  to  pass  into  what  has 
been  named  Silvery  Chalk,  or  Schaum  Earth,  which  has 
the  same  pearly  lustre  and  colours,  but  occurs  in  a state  of 
less  induration.  Schaalstone  appears  to  be  similar ; it  oc- 
curs massive,  is  of  a white  colour,  with  shades  of  green, 
red,  or  yellow,  and  a lustre  shining  and  pearly. 

Foetid  Carbonate  of  Lime,  or  Swinestone,  according  to 
Vauquclin,  is  a carbonate  of  linxc  impregnated  with  sul- 
phuretted hydrogen,  from  which  it  derives  an  unpleasant 
odour,  especially  perceptible  when  rubbed.  It  occurs  mas- 
sive ; its  colour  is  brown,  with  little  lustre  ; its  fracture  is 
earthy,  or  scaly.  When  heated,  it  loses  its  colour  and 
smell,  and  is  converted  into  lime. 

Phosphate  of  Lime  occurs  under  different  forms,  whiqh 
can  be  connected  only  by  chemical  characters. 

What  has  been  named  Phosphorite  is  found  massive  in 
extensive  beds  in  an  earthy  or  little  indurated  state.  Its 
colour  is  yellowish  or  greyish  white,  without  lustre  or  trans- 
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parency,  rough  to  the  touch,  and  having  a specific  gravity 
of  2.8.  It  is  highly  phosphorescent  when  heated  or  rubbed. 
Pelletier  found  it  to  consist  of  lime  59,  phosphoric  acid  34, 
fluoric  acid  2.5,  silex  2,  iron  1. 

Apatite  is  another  variety  of  phosphate  of  lime.  It  occurs 
' generally  crystallized ; the  form  of  its  crystals  being  the 
equiangular  six-sided  prism  ; the  colours  are  white,  green, 
blue,  and  red,  of  various  shades,  generally  pale ; the  ex- 
ternal lustre  resplendent,  with  a transparency  more  or  less 
perfect ; the  fracture  is  imperfectly  foliated  ; the  hardness 
such  as  to  be  easily  scratched  by  the  knife  ; the  specific 
gravity  is  3.2.  When  thrown  on  burning  fuel,  it  gives  a 
greenish  phosphoric  light.  It  consists  of  55  of  lime  and 
45  of  phosphoric  acid. 

There  is  still  a third  variety  of  phosphate  of  lime,  very 
different  in  its  external  characters.  From  its  lustre  and 
transparency,  it  had  been  ranked  as  a gem,  being  regarded 
as  a variety  of  the  chrysolite.  Op  analysing  it,  Vauquelin 
was  surprised  to  find  it  composed  of  phosphoric  acid  and 
lime  ; and  the  proportions  are  the  same  as  in  the  apatite. 
It  occurs  crystallized,  its  crystals  being  equiangular  six- 
sided  prisms,  acuminated  by  six  planes.  Its  colour  is  aspa- 
ragus green,  whence  it  has  received  the  name  of  Asparagus 
or  Spargel  Stone : its  lustre  is  shining  or  resplendent,  and 
resinous  j it  varies  from  translucent  to  nearly  transparent . 
its  fracture  is  foliated  ‘ it  is  semi-haid,  biittle,  and  has  a 
specific  gravity  of  3.  It  is  soluble  in  nitric  acid,  and  in 
diluted  muriatic  acid  ; but  is  not,  like  the  other  vaiicties  of 

{his  species,  phosphorescent. 

Flu  ate  or  Lime,  or  Flupr  Spar,  a fossil,  distinguish- 
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ed  very  generally  by  the  beauty  of  its  colours,  is  found, 
massive,  and  frequently  also  crystallized  ; the  forms  ot  its 
crystals  are  the  cube,  perfect,  or  modified  by  truncation 
of  the  angles  or  edges,  bevelment  of  the  edges,  and  acu- 
mination  of  the  angles  by  three  or  by  six  planes.  Its  co- 
lours are  numerous,  principally  shades  of  purple,  yellow , 
green,  blue,  red,  and  grey,  and  often  intermixed  : the  lus- 
tre is  resplendent  or  shining,  and  is  vitreous . the  tianspa- 
rcncy  varies  from  perfectly  transparent  to  translucent . the 
fracture  is  foliated ; it  is  scratched  by  the  knife,  but  it 
scratches  calcareous  spar  i it  is  brittle:  its  specific  gra\ity 
is  3.2.  Exposed  to  the  flame  of  the  blowpipe,  it  decrepi- 
tates, and  then  melts  into  an  enamel : on  burning  fuel,  or 
on  a red  hot  iron,  it  gives  a beautiful  purple  light,  and  is 
also  phosphorescent  from  friction.  Its  composition,  as 
established  by  Scheele’s  experiments,  is  lime  57,  fluoric 

acid  16,  water  27.  - 

The  variety  named  Compact  Fluor  is  distinguished 
principally  by  its  fracture ; it  is  always  massive,  has  less 
histre  than  the  foliated,  and  is  only  translucent. 


Sect.  IV. — Of  Magnesian  Fossils. 

Under  this  genus  are  comprehended  those  fossils  in 
which  magnesia  is  the  ingredient  present  in  largest  propor- 
tion, and  also  those  in  which,  though  in  smaller  propor- 
tion, the  characters  peculiar  to  it  exist,  those  in  parties 
Jar  of  softness  and  apparent  unctuosity. 

Vol.  II.  N 
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What  has  been  named  Native  Magnesia,  appears  to  be 
• carbonate,  consisting  of  magnesia  and  carbonic  acid,  in 
nearly  equal  parts.  It  occurs  in  tuberose  pieces,  of  a yel- 
owish-grey  colour,  without  lustre  or  transparency : it  is 
soft,  feels  meagre,  and  adheres  a little  to  the  tongue.  The 
substance  named  Meerschaum,  consists  of  magnesia  unit- 
ed with  silex,  a portion  of  carbonic  acid,  and  a trace  of 
lime.  Its  colour  is  yellowish-white,  without  any  lustre  ; its 
fracture  is  earthy ; it  is  soft,  feels  a little  greasy,  and  ad- 
heres to  the  tongue.  It  is  not  melted  by  the  heat  of  the 
blowpipe  5 nor  does  it  effervesce  with  acids. 

Steatite,  named  also  Soap  Rock,  from  its  softness, 
and  feeling  soapy,  occurs  massive.  Its  colour  is  greyish, 
greenish,  or  reddish-white  ; it  has  little  lustre ; is  translu- 
cent on  the  edges  : its  fracture  is  uneven,  or  coarse  scaly  : 
it  is  soft,  or  very  soft  •,  feels  unctuous — does  not  adhere  to 
the  tongue  : its  specific  gravity  is  2.6.  It  does  not  melt 
before  the  blowpipe,  but  becomes  white  and  very  hard. 
The  proportions  of  its  constituent  parts  vary.  One  varie- 
ty from'  Cornwall,  analysed  by  Klaproth,  gave  silex  48, 
magnesia  20.5,  argil  14,  oxide  of  iron  1,  water  15.5. 

There  are  some  fossils  similar  to  steatite  in  external  pro- 
perties, and  which  have  been  considered  as  allied  to  it, 
which,  it  is  singular,  contain  no  magnesia.  Such  is  the 
Plastic  Stout,  or  Figure  Stone  of  China ; the  Bildstcin 
or  Axestone  of  the  Germans,  and  the  Oriental  Jade.  All 
these  are  composed  principally  of  silex,  with  argil  or  lime. 

Potstone  is  allied  to  steatite.  It  occurs  massive;  is 
grey,  passing  into  green,  or  sometimes  with  a shade  oc 
red.  It  is  dull,  and  is  opaque  or  translucent  on  the  edges. 
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Its  fracture  is  curved  foliated,  or  imperfectly  slaty : it  is  soft ; 
feels  unctuous  : its  specific  gravity  is  2.8.  It  is  infusible  be* 
fore  the  blowpipe,  and  hardens  in  the  fire. 

Serpentine  derives  its  name  from  the  variegated  dis- 
position of  its  colours.  The  principal  colour  is  green,  but 
with  this  are  intermixed,  in  stripes  or  specks,  other  co- 
lours, particularly  red.  It  has  no  lustre,  though  it  acquires 
it  when  polished ; it  is  also  without  transparency.  Its 
fracture  is  splintery : its  hardness  such  that  it  is  easily 
scratched  by  the  knife  : its  specific  gravity  is  2.6.  It  feels 
soft,  but  with  little  unctuosity.  It  always  occurs  massive, 
and  forms  entire  rocks.  It  consists  of  silex  and  magnesia, 
with  a portion  of  iron,  and  sometimes  of  argil. 

Schillerstone  is  regarded  by  Werner  as  allied  to  serpen- 
tine, in  which  it  is  often  imbedded.  Its  colour  is  green, 
generally  dark,  with  sometimes  a shade  of  yellow  : its  lustre 
is  shining  and  semi-metallic,  and  varies  according  to  the 
position  with  regard  to  incident  light ; it  is  translucid  on 
the  edges : its  fracture  is  foliated  ; it  is  soft,  and  a little 
unctuous ; its  specific  gravity  is  2.8.  It  consists  of  silex 
41,  magnesia  29,  argil  3,  lime  1,  oxide  of  iron  14,  and  10 
of  water. 

Chlorite. — Of  this  fossil  there  are  several  varieties, 
differing  principally  in  the  state  of  aggregation.  Common 
Chlorite  occurs  massive  and  disseminated.  Its  colour  is 
dark-green ; its  lustre  is  weakly  shining,  and  somewhat 
greasy  ; and  it  is  opaque.  Its  fracture  is  earthy  or  fine  fo- 
liated ; it  feels  meagre,  or  very  slightly  unctuous.  Foliat- 
ed Chlorite,  so  named  from  its  fracture,  which  is  curved 
foliated,  occurs  massive  and  disseminated,  and  als®  crys- 
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tallized  in  six-sided  tables ; its  colour  is  dark -green,  its  lus- 
tre shining  and  pearly,  inclining  to  resinous  ; it  is  translu- 
cent on  the  edges is  soft,  and  feels  rather  unctuous. 
Chlorite  Slate,  distinguished  by  its  slaty  fracture,  forms  a 
jnounta in-rock  ; its  colour  is  dark-green  ; its  internal  lustre 
is  weakly  shining,  and  resinous  : it  is  opaque,  is  soft,  and 
feels  unctuous.  Earthy  Chlorite,  is  composed  of  small' sca- 
ly particles,  or  is  quite  loose,  with  little  lustre,  of  a dark- 
green  colour ; feels  rather  greasy  ; and  when  breathed  on, 
gives  an  earthy  smell.  >-  All  these  consist  'of  magnesia  and 
silex,  with  oxide  of  iron,  and  small  proportions  of  argil 
and  lime. 

Talc  occurs  massive,  disseminated,  and  in  small  tabu- 
lar crystals,  confusedly  grouped.  Its  colour  is  greenish, 
or  yellowish  white-;  its.lustre  is  resplendent ; it  is  translu- 
cent, or  transparent  in  thin  leaves  ; its  fracture  is  straight 
and  curved  foliated ; the  plates  into  which  it  is  divisible  are 
flexible,  but  not  elastic  ; it  is  unctuous  to  the  touch.  Ills 
infusible. before  the  blowpipe,  but  is  melted  in  the  heat  ex- 
cited by  oxygen  gas.  ■ It  consists,  according  to  its  analysis 
by  Hoepfner,  of  silex  50,  magnesia  44,  and  argil  6.  In- 
durated Talc  occurs  massive  ; its  fracture  is  slaty ; it  is  less 
soft  and  greasy  than  the  common  talc,  and  has  less  lustre. 
Earthy  Talc  is  in  small  scales,  of  a pearly  lustre,  friable, 
soiling  a little,  - ami  feeling  rather  unctuous. 

Asbestos.. — To  this  species  belong  Several  varieties. 
Common  Asbestos  occurs  • massive  ; its  colour  is  green  or 
grey ; its  lustre  is  weakly  shining  ; it  is  translucid  on  the 
edges;  its  fracture  is -fibrous  or  radiated,  the  fibres  being 
straight,  or  curved  ; it  is- soft,  or  semi-hard,  and  its  fibres 
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tyre  rigid;  it  feels  a little  unctuous.  It  melts,  though  with 
difficulty,  before  the  blowpipe.  Silex,  magnesia,  and  iron, 
appear  to  be  the  essential  ingredients. 

Amiantii  is  a variety  of  the  same  species,  distinguish- 
ed bv  its  texture,  being  more  delicately  fibrous,  so  that 
the  fibres  are  easily  separated,  are  fine  and  perfectly  flexible. 
It  has  more  lustre  also,  this  being  pearly  or  silky  ; it  is 
faintly  translucent ; its  colour  is  lighter,  and  sometimes  it 
is  nearly  silvery-white.  In  composition,  it  appears  to  dif- 
fer from  asbestos  in  containing  more  silex.  It  is  this  sub- 
stance which  was  employed  by  the  ancients  to  form  an  in- 
combustible cloth  to  collect  the  ashes  of  the  dead  on-  the 
fpneral  pile.  ' 

Mountain  Cork  is  another  variety,  so  named  from  its 
resemblance  to  a piece  of  cork.  It  is  in  flat  pieces,  of  a 
grey  colour,  without  lustre,  and  opaque ; its  fracture  ;» 
fibrous ; the  fibres  being  short,  and  interwoven  ; is  a LU  i 
flexible ; it  feels  meagre,  and  is  so  light  as  to  float  on  wa- 
ter. When  its  texture  is  more  close,  and  it  Occurs  in  thin- 
ner pieces,  it  is  named  Mountain  Leather. 

Actynolite. — Of  this  species  there  are  three  varieties, 

tile  asbestous,  the  common,  and  the  glassy  actynolite. 

A sbestous  actynolite  occurs  massive,  or  more  rarely  in 
capillary  crystals.  Its  fracture  is  fibrous  or  radiated ; its 
colour  is  greenish-grey  ; its  lustre  is  shining,  and  silky  ; 
it  is  opaque  and  soft ; its  specific  gravity  is  from  2.5  to 
2.9.  It  mdts  before  the  blowpipe.  Common  Actynolite 
occurs  massive  and  crystallized  ; .its  crystals  being  rhom- 
boidal  six-sided  prisms  frequently  acicular,  and  generally 
unbedded  : its  colour  is  green,  usually  dark ; the  external 
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lustre  is  resplendent  and  vitreous : its  crystals  arc  transpa- 
rent, or  semi-transparent : it  is  sufficiently  hard  to  scratch 
glass  j and  is  brittle.  It  is  composed  of  silex  64,  mag- 
nesia 20,  argil  2.7,  lime  9.3,  iron  4.  Glassy  A cr- 
nolite  occurs  massive,  or  in  aggregated  acicular  crystals: 
its  colour  is  green,  passing  into  greenish  white  : its  lustre 
is  shining  and  vitreous : it  is  translucent : its  fracture  is 
fibrous  or  radiated:  it  is  brittle,  and  moderately  hard : it 
melts  at  a high  heat  into  a glass.  Granular  Actynolite  is 
of  a grass-green  colour ; is  slightly  translucent ; internally 
shining  j its  fracture  i$  foliated. 

Tremolite,  like  the  preceding  species,  comprehends 
three  varieties, — the  Asbestous,  the  Common,  and  the 
Glassy  Tremolite.  The  first  occurs  massive,  or  in  acicu- 
lar crystals ; its  colour  is  white  j its  lustre  is  weakly  shin- 
ing, and  silky  $ and  it  is  translucent  on  the  edges  : its  frac- 
ture is  fibrous ; it  is  very  soft,  and  brittle.  The  common 
tremolite  occurs  massive,  or  crystallized  in  oblique  four- 
sided prisms,  bevelled  or  truncated  on  the  lateral  edges, 
and  promiscuously  aggregated.  Its  colours  are  greenish, 
greyish,  reddish,  or  yellowish  white : its  lustre  is  shining 
and  pearly  : it  is  translucent,  or  semi-transparent : its  frac- 
ture is  radiated  : it  is  hard  so  as  to  scratch  glass ; is  brittle, 
and  somewhat  meagre  to  the  touch.  The  Glassy  Trcmo- 
j-itc  occurs  massive,  or  crystallized  in  slender  prisms  ag- 
gregated : its  colours  are  the  same  as  those  of  the  others  j 
its  lustre  is  vitreous,  passing  to  pearly  \ it  is  translucent  j 
its  fracture  is  radiated,  or  fibrous : it  is  semi-hard,  brittle, 
and  harsh  to  the  touch.  All  these  varieties  are  often  pos- 
sessed <&f  the  property  of  phosphorescence,  so  that  a mo- 
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derate  heat,  or  the  slightest  friction,  produces  aluminous 
appearance.  A variety  of  this  species,  analyzed  by  Kla-  . 
proth,  gave  silex  65,  magnesia  10.33,  lime  IS,  oxide  of 
iron  0.16,  water  and  carbonic  acid  6.5, 


Sect.  V. — Of  Argillaceous  Fossils. 

The  Argillaceous  Fossils  afford  a striking  example  oi 
the  deficiency  of  the  external  characters  in  uniting  the  dif- 
ferent species  which  belong  to  one  genus  ; the  gems  dis- 
tinguished by  their  transparency,  lustre,  and  hardness, 
being  comprised  under  this  genus,  equally  with  the  dull 
and  plastic  clays.  They  are  connected  entirely  by  their 
chemical  relations. 

The  gems  had  been  placed  among  the  siliceous  fossils, 
as  allied  with  several  of  them  in  external  characters,  and 
silex  had  been  supposed  to  be  their  principal  ingredient. 
Bergman  first  shewed  the  error  of  this  opinion,  and  proved 
by  analysis,  that  in  the  emerald,  sapphire,  topaz,  ruby, 
and  hyacinth,  argil  predominates.  The  specific  characters 
cf  these  fossils  had  also  been  much  perplexed  by  the  dis- 
tinctions of  the  jewellers,  founded  merely  on  those  qualities 
which  give  them  mercantile  value,  and  particularly  on 
colour,  the  most  variable  of  all  the  external  characters ; 
and  it  has  required  much  mineralogical  discussion  to  re- 
move the  obscurity,  and  establish  the  proper  species.  It 
now  appears  that  the  principal  gems  which  have  been  dis- 
tinguished by  the  epithet  of  Oriental,  the  ruby,  sapphire, 
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and  topaz,  are  mere  varieties  of  dne  species.  They  have 
been  ranked  as  such  by  Werner  under  the  name  of  Sap- 
phire, and  by  Haiiy  under  that  of  Telesie  ; and  more  late- 
ly Bournon  has  shewn  that  they  are  allied  to  the  fossil 
named  Corundum,  and  has  distinguished  the  species  by 
the  name  of  Perfect  Corundum.  This  arrangement  has 
been  confirmed  by  chemical  analysis,  the  experiments  of 
Klaproth,  Vauquelin,  and  Chenevix,  having  proved  that 
all  of  them  consist  of  argil  nearly  pure. 

Perfect  Corundum,  the  Sapphire  of  Werner,  occurs 
in  fragments,  and  crystallized ; the  forms  of  its  crystals 
being  the  double  three-sided  pyramid,  the  single  6ix-sided 
pyramid,  and  the  six-sided  prism,  variously  modified  by 
truncations  and  acuminatipns.  Its  colours  are  blue,  green, 
reel,  yellow,  and  yellowish-white,  of  numerous  shades. 
It  is  transparent:  its  lustre  is  resplendent  and  vitreous: 
the  fracture  is  conchoidal,  or  imperfectly  foliated  : the 
hardness  inferior  to  that  of  the  diamond,  but  superior 
to  that  of  every  other  fossil,  and  not  yielding  to  the  file  : 
the  specific  gravity  is  from  3.9  to  4. 1 . The  distinctions 
from  colour  form  the  different  oriental  gems.  The  red 
constitutes  the  oriental  ruby ; the  blue,  the  sapphire ; the 
yellow,  the  topaz  ; vthe  purple,  the  amethyst ; the  green, 
the  emerald ; the  yellowish-green,  the  chrysolite.  It  is 
only  to  be  remarked,  that  there  are  gems  to  which  seve- 
ral of  these  names  belong,  distinguished  by  the  epithet 
Occidental,  which  are  altogether  different. 

These  fossils  arc  not  fusible  by  the  blowpipe,  but  are 
melted  by  the  heat  excited  by  oxygen  gas  directed  on 
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burning  charcoal.  They  are  generally  phosphorescent 
from  friction. 

The  variety  of  a blue  colour,  the  Oriental  sapphire, 
analysed  by  Klaproth,  was  found  to  be  composed  of  98.5 
of  argil,  1 of  oxide  of  iron,  and  0.5  of  lime:  it  is  argil, 
therefore,  nearly  pure.  The  ruby  afforded  to  Chenevix, 
"90  of  argil,  7 ol  silex,  and  1.2  of  iron. 

Imperfect  Corundum,  or,  as  it  is  generally  named, 
simply  Corundum,  is  a fossil  which  has  been  long  used 
in  India,  from  its  great  hardness  for  polishing  hard  stones. 
It  occurs  massive,  disseminated,  and  crystallized. ; the 
forms  of  its  crystals  being  the  same  as  those  of  the  perfect 
corundum.  Its  colour  is  greenish-white  ; externally  it  is 
dull,  internally  shining  and  vitreous : the  fracture  is  foliat- 
ed ; the  fragments  rhomboidal : it  is  very  hard,  but  rather 
less  so  than  the  perfect  corundum : its  specific  gravity  is 
3.7  or  3.8.  From  the  aggregation  of  this  fossil,  itis  scarce- 
ly acted  on  by  any  chemical  agent,  arul  from  this  Klaproth 
at  one  time  supposed  it  to  be  composed  of  a new  earth ; 
subsequent  investigation  proved  that  it  consists  chiefly  of 
argil,  the  proportions  being  from  84  to  90,  with  5 of  silex, 
and  from  1 to  7 of  oxide  of  iron. 

The  fossil  substance  known  by  the  name  Emery  is  of  the 
same  family.  It  occurs  only  massive,  or  disseminated : is  of 
a grey  colour,  dull  and  opaque.  Its  fracture  is  fine  grained 
uneven : it  is  nearly  as  hard  as  corundum,  and  is  used  for 
the  same  purposes,  and  particularly  for  polishing  the  me- 
tals. Analysed  by  Mr  Tennant,  it  was  found  to  be  com- 
posed of  86.5  of  argil,  3 of  silex,  and  4 of  iron. 

To  a species,  distinguished  by  the  name  of  Spindle,  arc. 
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referred  the  gems  known  by  the  names  of  Spinell  and 
Balass  Rubies.  It  occurs  in  grains,  and  crystallized  ; die 
form  of  its  crystals  being  the  octaedron.  Its  colour  is  red, 
a deep  crimson-red  forming  the  spinell  ruby ; a pale  rose- 
red  the  balass  ruby  : its  lustre  is  resplendent  and  vitreous : 
it  varies  from  translucid  to  transparent:  its  fracture  is 
conchoidal,  or  foliated  : it  is  very  hard  : its  specific  gravi- 
ty is  from  3.5  to  3.7.  According  to  Klaproth,  it  consists 
of  74.5  of  argil,  15.5ofsilex,  3.25  of  magnesia,  1.5  oxide 
of  iron,  and  0.75  lime;  Vauquelin  found  it  to  contain 
ohrome. 

The  Occidental  Topaz,  which  is  found  principally  in 
baxony,  Siberia,  and  Brazil,  deviates  still  more  in  com- 
position from  the  corundum.  It  occurs  massive,  or  in 
fragments,  more  frequently  crystallized:  the  form  of  its 
crystals  being  the  oblique  tetraedral  prism,  variously 
modified.  Its  principal  colour  is  yellow : its  lustre  is  re- 
splendent and  vitreous  : it  varies  from  transparent  to  trans- 
lucent its  cross  fracture  is  foliated:  it  is  very  hard  f its 
specific  gravity  is  3.5.  The  Saxon  topaz  was  found  by 
Vauquelin  to  consist  of  68  of  argil,  31  of  silex  ; but,  by  a 
subsequent  analysis,  he  discovered  fluoric  acid  in  it,  as  well 
as  in  the  Brazilian  topaz. 

Chrysoberyi.  is  a species  allied  to  these.  It  occurs  in 
grains,  and  crystallized  under  the  forms  of  the  six-sided 
table,  and  the  double  six  sided  pyramid.  Its  colour  is 
pale-green,  often  exhibiting  a milk-white  opalescence:  its 
internal  lustre  is  resplendent:  it  is  semi-transparent:  its 
fracture  is  conchoidal : it  is  so  hard  as  to  scratch  glass : its 
specific  gravity  is  3.  7.  Klaproth  foqnd  it  to  be  composed 
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of  argil  71.5,  silex  18,  lime  6,  oxide  of  iron  1.5,  with  $ 
of  loss. 

Cyanite  has  been  placed  under  the  magnesian  genus, 
but  it  rather  belongs  to  the  argillaceous.  It  occurs  mas- 
sive, disseminated,  and  crystallized-,  the  crystals  being 
oblique,  flat,  tctraedral  prisms,  truncated  on  the  lateral 
edges.  Its  principal  colour  is  blue;  but  it  also  occurs 
white  and  grey  : its  lustre  is  shining  and  pearly : it  is  trans- 
lucent, or  transparent.  Its  fracture  is  radiated,  or  foliat- 
ed : it  is  semi-hard : its  specific  gravity  is  3.5.  It  consists 
of  argil  55,  silex  29.2,  lime  2.25,  magnesia  2,  oxide  of 
iron  6.65. 

Lepidoi.ite  occurs  massive:  the  mass  is  of  a purple  co- 
lour, but  presents  silvery  white  scales,  of  a pearly  lustre . 
it  is  translucid  on  the  edges : its  fracture  is  small  grained 
uneven ; it  is  soft  -,  its  specific  gravity  is  2.8.  It  melts  be- 
fore the  blowpipe,  with  intumescence,  into  a white  pearly- 
like  matter.  Klaproth  found  it  to  be  composed  of  silex 
5 4.. 5,  argil  38.25,  oxide  of  manganese  and  iron  0.75,  pot- 
ash f. 

Mica  is  an  important  fossil,  from  its  extensive  distribu- 
tion, as  an  ingredient  in  several  of  the  aggregate  rocks. 
It  occurs  disseminated,  in  thin  plates,  and  sometimes 
crystallized ; the  crystals  being  six-sided  tables,  and  six- 
sided  prisms ; its  usual  colour  is  grey ; the  lustre  of  its 
plates  is  resplendent,  and  metallic;  in  thin  plates  it  is 
transparent ; its  fracture  is  distinctly  foliated ; and  it  is 
very  easily  split  into  laminae,  which  arc  flexible  and  clas- 
tic; it  is  soft,  and  feels  smooth,  but  not  unctuous;  its 
specific  gravity  is  from  2.7  to  2.9.  According  to  Vauque* 
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lin’s  analysis,  it  consists  of  silex  50,  argil  35,  oxide  of 
iron  7,  lime  1.33,  magnesia  1.35,  with  5.32  of  loss. 

Hornblende  occurs  massive,  disseminated,  and  some- 
times crystallized  ; its  crystals  being  prisms,  usually  aggre- 
gated. Its  colour  is  black,  with  frequently  a tinge  of 
green  ; its  internal  lustre  is  shining ; when  of  a black  co- 
lour, it  is  opaque  ; when  green,  translucent  on  the  edges. 
Its  fracture  is  foliated,  or  broad  radiated ; its  hardness 
such  that  it  is  scratched  by  the  knife ; but  it  cannot  be 
broken  but  with  difficulty.  Its  specific  gravity  is  from  3.6 
to  3.8.  Before  the  blowpipe,  it  melts  into  a greyish-black 
glass.  Its  analyses  have  presented  different  results,  but 
silex,  argil,  and  oxide  of  iron,  are  the  chief  constituents, 
Labradore  Hornblende  is  merely  a variety,  distinguished 
principally  by  its  copper-red  colour.  Basaltic  Hornblende 
occurs  imbedded  in  crystals,  usually  small,  of  the  form  of 
the  six-sided  prism;  their  colour  is  black ; their  surface 
smooth ; their  internal  lustre  splendent.  Hornblende 
Slate  is  distinguished  by  its  slaty  fracture ; it  occurs  always 
massive,  and  often  in  large  beds. 

Basalt  forms  an  extensive  mountain-rock,  assuming 
often  a columnar  form.  Its  colour  is  greyish-black  ; it  is 
nearly  without  lustre  ; is  opaque,  or  feebly  translucent  on 
the  edges ; its  fracture  is  usually  uneven  ; it  is  hard,  so  as 
to  be  scratched  by  the  knife  with  some  difficulty,  and  it  is 
not  easily  frangible ; its  specific  gravity  is  from  2.8  to  3. 
It  melts  easily  before  the  blowpipe  into  an  opaque  black 
glass;  and  has  been  from  this  quality  employed  in  the 
manufacture  of  the  coarser  kinds  of  glass.  According  to 
its  analysis  by  Dr  Kennedy,  it  is  composed  of  silex  48, 
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argil  1G,  oxide  of  iron  16,  lime  9,  soda  4,  muriatic  acid  I, 
water  and  other  volatile  matter  5. 

Clinkstone  has  received  its  name  from  the  peculiar 
sound  it  gives  when  struck.  It  occurs  always  massive,  and 
forms  beds,  and  sometimes  assumes  the  columnar  form  , 
its  colour  is  grey ; it  is  dull,  or  weakly  shining,  and  trans- 
lucent on  the  edges.  Its  fracture  is  slaty ; it  is  semi-hard, 
or  hard ; is  easily  broken ; has  a specific  gravity  of  2.5. 
According  to  Klaproth’s  analysis  of  it,  it  is  composed  of 
silex  57.25,  * argil  23.5,  oxide  of  iron  2.25,  manganese 
0.25,  soda  8.10,  and  water  3. 

Wacke  is  intimately  connected  with  basalt,  and  forms 
an  intermediate  substance  between  it  and  clay.  Its  colour 
is  greenish-grey,  with  shades  of  brown  or  red ; it  has 
scarcely  any  lustre,  and  is  opaque ; its  fracture  is  even  ; it; 
is  soft,  and.  easily  broken,  and  is  liable  to  fall  into  pieces 
from  exposure  to  the  air.  It  occurs  in  large  beds  or 
masses,  and  often  contains  organic  remains  or  impressions. 

Argillaceous  Slate,  or  Clay  Slate,  the  primitive 
slate  of  some  mineralogists,  forms  extensive  strata  in  con- 
nection with  other  primitive  rocks,  and  likewise  with  those 
of  transition.  Its  colour  is  grey,  with  various  shades  of 
blue,  purple,  and  green ; its  lustre  is  weakly  shining,  or 
dull;  it  is  opaque;  its  fracture  is  sl^ty,  or  foliated  ; its 
specific  gravity  is  from  2.6  to  2.8.  It  has  not  been  ana- 
lysed with  accuracy,  but  consists  of  silex,  argil,  lime, 
magnesia,  and  oxide  of  iron  ; the  proportions  varying  in 
different  specimens. 

Other  kinds  of  slate  have  been  distinguished,  with  re- 
gard to  which  it  may  be  doubted  if  they  form  proper 
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chemical  species ; they  pass  into  each  other,  and  the  limits 
of  tliQ  divisions  cannot  always  be  accurately  marked. 
Whet-slate,  or  Hone-stone,  is  distinguished  from  the 
other  slates  by  its  fracture,  which  is  splintery,  or  scaly. 
Drawing-Slate  is  of  a greyish-black  colour,  dull,  opaque, 
and  soft,  so  as  to  write  and  soil.  Alum  Slate  is  that  which 
is  distinguished  by  affording  alum  from  exposure  to  the 
air.  Bituminous  Shale  is  of  a brownish-black  colour,  with 
little  lustre ; is  very  soft,  and  feels  a little  greasy.  Laid  on 
burning  fuel,  it  gives  a weak  flame  and  a black  smoke ; it 
appears  to  consist  of  clay  with  bitumen.  Slate  Clay  forms 
the  transition  of  these  fossils  into  common  clay  ; its  frac- 
ture is  slaty,  approaching  to  earthy ; it  is  opaque  and  dull ; 
is  soft ; feels  meagre,  and  adheres  to  the  tongue  ; it  softens 
and  breaks  down  in  water. 

The  term  Clay  is  rather  ambiguous,  but  is  applied  to 
those  earthy  mixtures,  more  or  less  indurated,  which  im- 
bibe water,  and  may  be  kneaded  with  it  into  a paste  some- 
what ductile.  Argil  is  the  basis  of  all  of  them,  or  the 
•earth  which  gives-  this  predominating  character ; and  it  is 
mixed  with  various  proportions  of  silex,  magnesia,  lime, 
and  oxide  of  iron,  the  mixture  being  oltcn  merely  mecha- 
nical, and  giving  rise  to  different  varieties  not  easily  accu- 
rately marked. 

Indurated  Clay,  or  Claystone,  is  clay  in  the  highest 
state  of  induration.  Its  fracture  is  earthy,  passing  into 
even  or  slaty  ; it  is  soft,  but  is  not  easily  diffused  in  water, 
and  does  not  form  with  it  a ductile  paste ; it  is  dull  and 
opaque.  The  purest  clay  is  that  named  Porcelain  Clay, 
from  the  use  t,o  which  it  is  applied ; it  occurs  loosely  indu- 
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rated  and  earthy *,  its  colour  is  white,  with  shades  of  grey, 
yellow,  and  red,  without  lustre  or  transparency ; it  feels 
soft ; in  water  it  falls  to  powder,  and  when  kneaded  forms 
a ductile  paste.  It  is,  in  general,  infusible  by  any  heat 
that  can  be  raised.  It  consists  essentially  of  silex  and 
argil  •,  but  the  proportions  of  these  vary  considerably. 
Mr  Wedgwood  found  the  porcelain  clay  of  Cornwall  to 
be  composed  of  60  of  argil,  with  20  of  silex  ; in  others 
the  silex  is  in  larger  proportion. 

Potters’  Clay  occurs  massive  -,  its  fracture  is  earthy  ; it 
is  opaque,  dull *,  generally  of  a yellowish  or  greyish-white 
colour  •,  it  soils,  feels  soft,  and  somewhat  unctuous ; ad- 
heres to  the  tongue ; is  diffusible  in  water,  and  forms  with 
it  a ductile  paste.  Pipe-clay  is  a variety  of  this.  Loam 
is  the  same  substance,  mixed  with  sand,  oxide  of  iron, 
and  various  other  foreign  and  accidental  substances.  The 
Boles,  which  are  of  a red  or  yellow  colour,  are  of  similar 
composition,  and  appear  to  owe  their  colours  to  oxide  of 
iron.  They  are  distinguished  by  their  conchoidal  frac- 
ture. The  Ochres  are  similar  to  the  boles,  containing 
only  more  oxide  of  iron.  Lithomarge  is  distinguished  by 
its  greater  fineness,  being  composed  of  scaly  particles, 
with  a surface  more  or  less  smooth  and  shining  •,  it  is  soft 
and  mild,  feels  greasy,  and  adheres  to  the  tongue.  Ful- 
lers’ Earth  occurs  massive,  but  little  indurated  ; its  frao 
ture  is  earthy,  sometimes  uneven  or  slaty  ; without  lustre 
or  transparency*,  it  is  soft  and  mild,  and  does  not  adhere 
much  to  the  tongue.  In  water,  it  falls  to  powder,  without, 
forming  a ductile  paste.  Tripoli  is  found  loose  or  indu- 
rated ; its  fracture  is  earthy ; it  feels  harsh  and  dry;  doc«i 
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not  adhere  to  the  tongue,  nor  soil  j it  moulders  in  water, 
but  does  not  form  a ductile  paste.  It  is  used  for  polishing 
the  metals  and  glass. 

Native  Alum,  a saline  product,  is  to  be  regarded  as 
belonging  to  the  argillaceous  genus,  argil  being  its  base, 
united  with  potash  and  sulphuric  acid.  It  occurs  gene- 
rally as  an  efflorescence,  either  in  , the  state  of  a powder, 
or  in  slender  silky  crystals,  and  possessed  of  all  the  pro- 
perties of  the  artificial  salt. 

Cryolite  is  a fossil  which,  from  its  composition,  might 
be  regarded  as  of  a saline  nature.  It  consists  of  argil 
with  soda,  combined  with  a large  quantity  of  fluoric  acid. 
It  has,  however,  no  solubility  in  water,  and  is  quite  insi- 
pid. It  occurs  massive,  is  of  a white  colour,  with  not 
much  lustre,  and  only  translucent.  Its  fracture  is  imper- 
fectly foliated  ; its  specific  gravity  is  2.9.  It  melts  before 
the  blowpipe,  and  then  hardens.  It  dissolves  in  sulphuric 
acid,  fluoric  acid  gas  being  disengaged.  Klaproth  finds 
it  to  consist  of  fluoric  acid  and  water  40.5,  soda  36,  and 

argil  23.5. 
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Sect.  VI. — Of  Glucine  Fossils . . 

In  the  fossils  which  may  be  plated  under  this  genus, 
silex  is  the  earth  present  jn  largest  quantity,  but  glucine  is 
the  one  which  gives  the  predominating  character,  as  is 
well  displayed  in  the  interesting  fact  which  led  to  the  dis- 
covery of  tills  earth,  that  in  the  beryl  and  the  emerald, 
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the  two  principal  fossils  belonging  to  it,  the  primitive  form 
of  the  crystals  is  the  same. 

The  Occidental  Emerald  forms  the  species  to  which 
the  name  of  Emerald  is  properly  applied.  It  occurs  crys- 
tollized,  in  short  six-sided  equiangular  prisms,  perfect  or 
truncated  on  the  edges  lateral  or  terminal,  or  on  the  ter- 
minal angles.  Its  colour  is  that  pure  and  rich  green, 
which  has  derived  from  it  the  name  of  Emerald  Green ; 
its  lustre  is  resplendent  and  vitreous ; and  it  varies  from 
translucent  to  transparent •,  its  fracture  is  small  conchoidal ; 
it  is  hard,  but  much  less  so  than  the  preceding  gems  ; its 
specific  gravity  is  2.6  or  2.7.  It  is  melted,  though  with 
difficulty,  by  the  blowpipe  into  a white  glass.  It  consists, 
according  to  Vauquelin’s  analysis,  of  silex  64.5,  argil  16, 
glucine  13,  oxide  of  chrome  3.25,  lime  1.6,  water  2. 

Beryl  is  so  analogous  in  properties  and  composition 
to  the  emerald,  that  it  may  be  doubted  if  they  are  not  va- 
rieties of  the  same  species,  chrome  only  being  wanting, 
to  which  is  probably  to  be  ascribed  the  absence  of  the  rich 
green  colour  of  the  emerald.  Its  colour  is  pale  green, 
which  passes  into  blue  or  yellow.  It  occurs  in  crystals  of 
the  same  forms  as  the  emerald ; their  lustre  is  shining  and 
vitreous ; and  they  are  usually  transparent ; the  fracture 
is  imperfectly  conchoidal ; the  hardness  superior  to  that  of 
quartz ; the  specific  gravity  is  2.6  or  2.7.  The  beryl  is 
melted  with  difficulty  before  the  blowpipe  alone.  Accord- 
ing to  Vauquelin’s  analysis  of  it,  it  is  composed  of  silex 
68,  argil  15,  glucine  14,  lime  2,  and  oxide  of  iron  1. 

With  these  species,  the  fossil,  which  has  received  the 
name  of  Euclase,  is  connected,  its  composition  being  si« 
Vol.  IT.  O 
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milar  to  that  of  the  beryl * its  analysis,  according  to  Vau- 
quelin,  affording  silex  36,  argil  19,  glucine  15,  iron  3, 
with  27  of  loss.  It  occurs  crystallized.  Its  colour  is  green  ■, 
its  lustre  resplendent  and  vitreous  ; it  is  transparent  ; the 
fracture  is  foliated  ; the  hardness  superior  to  that  of  quartz,, 
with  much  brittleness ; the  specific  gravity  3.0.  It  loses 
its  transparency  before  the  blowpipe,  and  melts  into-  a 
white  enamel. 


Sect.  VII. — Of  Siliceous  Fossils. 

I 

The  siliceous  fossils  can  scarcely  be  distinguished  by  any 
common  characters*  but  are  connected  in  a great  measure 
from  their  chemical  relations. 

Quartz  may  be  placed  at  the  head  of  flic  genus,  as’ 
consisting  almost  entirely  of  silex.  Analysed  by  Bergman* 
it  was  found  to  be  composed  of  93  of  silex,  6 elf  argil,  and 
1 of  oxide  of  iron.  When  perfectly  transparent,  it  is 
named  Rock  Crystal.  It  occurs  crystallized*  the  per- 
fect form  of  its  crystals  being  the  six-sided  prism  acu- 
minated at  both  extremities  by  six  planes,  set  on  the 
lateral  planes  * but  sometimes  the  prism  is  wanting, 
or  nearly  so,  and  then  the  form  is  the  double  six- 
sided  pyramid,  and  frequently  the  single  six-sided  pyramid 
only  is  apparent.  It  occurs  also  massive  and  disseminated. 
Its  most  common  colour  is  white  ; it  also  occurs  brown, 
and  more  rarely  yellow  and  red.  Its  lustre  is  highly  vi- 
treous j it  is  transparent,  or  semi -transparent.  Its  fracture 
is  splintery,  or  conchoidal ; it  is  hard,  so  as  to  give  sparks 
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with  steel  ■,  its  specific  gravity  is  2.6.  It  is  infusible  before 
the  blowpipe,  and  is  imperfectly  softened  by  the  heat  ex- 
cited bv  a stream  of  oxygen  gas.  It  is  a fossil  extremely 
abundant,  and  of  extensive  distribution. 

When  quartz  is  of  a purple  colour,  it  lias  received  the 
name  of  Amethyst.  Rose  Quartz,  or  Milk  Quartz  as 
it  has  been  named,  usually  of  a rose-red  colour,  sometimes 
milk-white,  is  another  variety,  as  is  the  fossil  named  Prase, 
distinguished  by  its  leek-green  colour. 

Chrysoprask  is  a pure  siliceous  fossil,  containing,  ac- 
cording to  Klaproth,  in  100  parts,  96.16  of  silex,  with  0.S3 
of  lime j and  one  of  oxide  of  nickel.  Its  colour  is  apple- 
green  ; it  has  little  lustre ; is  translucent  or  semi-trans- 
parent ; its  fracture  is  even  ; its  specific  gravity  3.2.  Be- 
fore the  blowpipe  it  loses  its  colour,  but  does  not  melt. 

Opal  is  a siliceous  fossil  not  less  pure;  In  the  Noble  or 
Perfect  Opal,  Klaproth  found  the  composition  to  be  90  of 
silex,  with  10  of  water  ; in  the  common  opal,  94.5  of  silex* 
5 of  water,  and  1 of  oxide  of  iron.  The  perfect  opal  is 
distinguished  by  thb  beautiful  play  of  colours  which  it  ex- 
hibits, green,  red,  blue,  and  yellow  of  numerous  shades, 
varied  according  to  the  position.  Its  proper  colour  is  milk- 
white  ; its  lustre  is  splendent  and  vitreous ; it  is  translu- 
cent ; its  fracture  is  conchoidal.  The  common  opal  has 
the  same  characters,  but  does  not  present  the  beautiful 
eff  ulgence  of  colours  of  the  precious  opal.  The  semi-opal 
has  less  lustre  and  transparency,  is  more  dense,  hard,  and 
heavy,  and  contains  a large  portion  of  oxide  of  iron. 
•Some  varieties  of  opal,  which  appear  to  have  lost  the  wa- 
ter they  contain  from  exposure  to  the  air,  and  in  consc- 
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quenee  have  become  opaque,  recover  their  transparency 
■when  immersed  in  water.  rIhese  have  been  named  Hy- 
drophanes.  The  fossil  named  Cat’s  Eye,  from  its  pro- 
perty of  reflecting  in  certain  directions  a changeable  whit** 
ish  effulgence  similar  to  the  eye  of  a cat,  appears  to  be- 
long to  the  same  family. 

Chalcedony  is  a species  which  has  relations  with  the 
preceding  fossils,  and  is  of  similar  composition,  containing  84- 
or  86  of  silex,  with  from  4-  to  16  of  argil,  and  a trace  of 
lime  and  oxide  of  iron.  It  occurs  massive,  frequently  in 
nodules,  botryoidal,  stalactitic,  and  in  other  imitative 
shapes,  sometimes  in  veins.  Its  colours  are  white,  with 
shades  of  blue,  grey,  and  yellow  ; and  these  are  often  ai- 
ranged  in  stripes  parallel  or  concentric  ; it  has  not  much 
lustre,  but  is  susceptible  of  a fine  polish,  from  which  lustre 
is  acquired ; it  is  semi-transparent  or  translucid  -,  its  frac- 
ture is  even  ; it  is  hard,  so  as  to  strike  sparks  w'ith  steel ; 
its  specific  gravity  Is  2.6.  Carnelian  is  a variety  distin- 
guished principally  by  its  red  colour  and  conchoidal  frac- 
ture. Cacholong  is  chalcedony  of  a milk-white  colour. 
Onyx  is  that  variety  in  which  stripes  of  different  colouis 
alternate.  Chalcedony  stained  with  dark-coloured  spots, 
veins,  or  arborizations,  forms  the  Mocho  stone.  To 
this  species  may  also  be  referred  the  greater  number  of 
Agates,  as  chalcedony  is  generally  their  basis,  there  be- 
ing intermixed  with  it  jasper,  quartz,  flint,  oi  otliei  si- 
liceous fossils,  forming  a blended  mass. 

Flint  is  a very  pure  siliceous  fossil ; the  silex  in  its  com- 
position amounting  to  97  or  98  in  100  parts,  with  minute 
traces  of  argil,  lime,  and  oxide  of  iron.  It  occurs  in  no- 
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Jules,  imbedded  in  chalk  or  limestone  ; its  colour  is  grey, 
of  various  shades,  passing  into  yelkr.v,  and  br  own  or  black  ; 
its  lustre  is  weakly  shining ; in  thin  pieces  it  is  translucent  •, 
its  fracture  is  very  perfectly  conch oi dal ; its  fragments 
sharp-edged  •,  its  hardness  such  that  it  gives  copious 
sparks  with  steel.  It  is  infusible  before  the  blowpipe,  but 
loses  its  colour.  It  is  phosphorescent  from  friction.  l?lint 
Slate,  or  Siliceous  Schistus,  approaches  to  flint  in  colour, 
lustre,  transparency,  and  hardness,  and  is  distinguished 
by  its  fracture,  which  is  slaty. 

Horxstone,  or  Petros  ilex,  is  allied  to  these.  Its 
colour  is  grey  ; it  is  dull,  and  only  translucent  on  the 
^dges  ; its  fracture  is  splintery,  or  conchoidal ; its  frag- 
ments are  sharp-edged.  Like  the  preceding  fossils,  it  is 
infusible  before  the  blowpipe,  and,  according  to  Kirwan’s 
analysis,  contains  more  argil.  Under  this  species  is  placed 
the  siliceous  petrified  wood,  or  Woodstone,  this  being 
composed  of  the  matter  of  hornstone,  introduced,  by  slow 
infiltration,  into  the  substance  of  wood,  while  the  vege- 
table matter,  by  n slow  decomposition,  has  been  removed. 
It  retains  the  appearance  of  the  ligneous  texture,  and  of- 
ten its  organic  form. 

Jasper. — In  this  fossil  the  proportion  of  argil  to  silex 
becomes  larger,  and  in  some  varieties  increases  so  much, 
that  there  is  a transition  to  indurated  clay  ; it  also  contains 
oxide  of  iron.  Its  colours  are  numerous,  and  generally 
dark  ; the  most  common  are  red,  yellow,  and  brown  ; its 
lustre  is  weakly  shining  •,  and  it  is  opaque,  even  on  the 
edges.  Its  fracture  is  more  or  less  perfectly  conchoidal ; il 
is  inferior  in  hardness  to  flint,  b\it  still  is  not  scratched  by 
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the  knife  ; its  specific  gravity  is  from  2.3.  to  2.7.  Riband 
Jasper,  or  Striped  Jasper,  is  distinguished  by  its  colours 
being  arranged  in  stripes  generally  straight.  The  Egyp- 
tian Pebble,  which  occurs  in  nodules,  and  exhibits  various 
shades  of  colour,  generally  brown,  in  concentric  stripes, 
is  also  a variety  of  jasper.  Heliotrope,  or  Bloodstone, 
though  ranked  as  a distinct  species,  differs  little  from  jas- 
per. Its  colour  is  green,  general]}'  marked  vyi th  small 
crimson-red  spots. 

Pitchstone  has  received  its  name  from  the  resemblance 
in  lustre  and  texture  which  it  frequently  has  to  pitch.  Its 
colours  are  green,  brown,  red,  and  black ; its  lustre  is 
shining,  and  resinous  ; it  is  translucent  on  the  edges  ; its 
fracture  is  imperfectly  conchoidal ; it  is  moderately  hard, 
and  very  brittle.  It  is  fusible  before  the  blowpipe,  by 
which  it  is  distinguished  from  any  varieties  either  of  opal 
or  jasper.  Its  analysis  by  Klaproth  gave  73  of  silex,  14.5 
of  argil,  1 of  lime,  1 of  oxide  of  iron,  1.75  ol  soda  and 
8.5  of  water.  From  pitchstone,  there  is  a transition  to 
what  has  boon  called  Pearlstone,  and  from  that  to  Pu- 
mice, both  of  which  occur  vesicular,  have  a shining  pear- 
ly lustre,  and  are  brittle,  soft,  and  light.  They  are  also 
of  similar  composition.  Obsidian  is  also  related  to  them.  It 
is  of  a deep  black  colour ; its  lustre  is  highly  splendent  and 
vitreous  $ its  fracture  is  large  conchoidal  ■,  its  fi  agments 
sharp-edged ; its  specific  gravity  is  2.3.  It  melts  befoic 
the  blowpipe  into  an  opaque  spongy  glass.  It  is  com- 
posed of  69  of  silex,  22  of  argil,  and  9 of  oxide  of  iron. 

Feldspar  is  an  important  fossil,  from  its  extensive  dis- 
tribution, as  a component  part  of  several  aggregate  rocks. 
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Foliated  or  Common  Feldspar  occurs  massive,  dissemi- 
nated, and  frequently  crystallized  ; its  crystals  being  prisms 
of  four’  or  six  sides,  variously  modified.  It  colours  are  nu- 
merous, principally  red,  white,  and  grey ; its  lustre  is 
shining,  and  intermediate  between  vitreous  and  pearly, 
and  is  varied,  according  to  the  position  with  regard  to  in- 
cident light : it  is  more  or  less  translucent ; its  fracture  is 
foliated,  and  its  fragments  rhomboidal.  It  is  moderate- 
ly hard,  so  as  to  scratch  glass.  Its  specific  gravity  is 
from  2.2  to  2.5.  It  melts  before  the  blowpipe  into  a 
white  glass.  Its  analysis  has  given  very  different  results, 
but  silex  and  argil  are  always  its  chief  constituents,  with 
small  proportions  of  magnesia,  lime,  potash,  and  oxide 
of  iron.  Some  varieties  of  feldspar  decompose  from  ex- 
posure to  the  air,  become  earthy,  and  at  the  same  time 
lose  their  fusibility  ; a change  probably  produced  by  the  re- 
moval of  some  of  their  principles,  perhaps  of  potash  or 
lime,  by  the  infiltration  of  water. 

Foliated  Feldspar  enters  into  the  composition  of  many 
of  die  -most  important  aggregate  rocks,  and  in  those  of 
every  formation.  Granite  consists  of  it,  intermixed  with 
quartz  and  mica,  and  the  feldspar  almost  always  forms  the 
principal  part  or  basis  of  the  granite.  Gneiss  is  the  same 
aggregate,  having  a slaty  texture ; and  Siennitc  is  charac- 
terised by  the  addition  of  hornblende  to  the  other  ingre- 
dients. Greenstone  is  an  aggregate  of  feldspar  and  horn- 
blende alone  : and  the  name  of  Porphyry  is  appropriated 
to  that  rock  where  grains  or  crystals  of  feldspar  are  im- 
bedded in  a certain  basis,  as  in  hornstoue,  pitehstone,  or 
indurated  clay. 

An  CL  aria  is  a variety  of  foliated  feldspar,  distinguished 
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from  the  common  variety  by  a greater  degree  of  lustre, 
which  is  pearly,  and  reflected  from  the  internal  plates,  so 
as  to  give  in  different  positions  a silvery  appearance,  by- 
more  transparency,  and  rather  greater  hardness.  Labra- 
dor e Feldspar  is  distinguished  by  the  property  of  reflect- 
ing in  certain  positions,  as  the  light  falls  upon  it,  very 
beautiful  colours,  particularly  blue,  green,  and  red  ; n 
property  probably  arising  from  decomposition,  and  the 
consequent  alteration  of  its  lamella:.  Compact  Feldspar  has 
less  lustre  and  transparency  •,  its  fracture  is  splintery,  fine 
grained,  or  very  imperfectly  foliated ; and  its  fragments 
• are  not  rhomboidal ; its  hardness  is  also  inferior.  It  is  al- 
lied to  common  feldspar,  however,  by  its  general  relations, 
and  its  chemical  characters. 

Jade,  the  Nephritic  Stone  of  mineralogists,  appears  to 
approach  to  compact  feldspar.  The  greasy  polish  which 
it  receives  had  caused  it  to  be  classed  among  the  magne- 
sian fossils  *,  but  late  analysis  nus  shewn  that  it  contains  no 
magnesia  j its  composition  being  silex  53.75,  lime  12.75, 
argil  1.5,  oxide  of  iron  5,  oxide  of  manganese  2,  soda 
10.75,  potash  8.5,  water  2.25.  It  occurs  in  rounded 
masses  ; its  colour  is  leek  green,  which  passes  into  greenish- 
white  or  light  yellow  •,  it  is  dull  and  nearly  opaque ; it  is 
hard  and  difficult  to  break ; is  slightly  unctuous  to  the 
touch.  Before  the  blowpipe  it  melts  into  a white  semi- 
transparent glass.  Bildstein,  the  figure  stone  ot  the  Chi- 
nese, appears  to  belong  to  the  same  species ; its  charactexs 
arc  not  very  dissimilar,  and  it  is  of  nearly  the  same  composi- 
tion, its  constituent  parts,  according  to  Klaproth  s analysis, 
being  silex  62,  argil  24,  lime  1,  oxide  of  iron  0.5,  water 
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10,  with  a little  potash,  as  ascertained  by  Vauquelin.  Ihe 
Axe-stone,  which  has  derived  its  name  from  being  used 
by  the  natives  of  the  South  Sea  in  making  hatchets,  is 
probably  also  a variety  of  the  Bildstein. 

Zeolite  is  well  distinguished  as  a species  by  two  che- 
mical characters.  It  fuses  with  intumescence  befoie  the 
blowpipe  into  a white  spongy  glass,  and  it  dissolves  in 
acids,  the  solution  being  gelatinous.  The  Radiated  varie- 
ty occurs  in  mass,  more  frequently  crystallized  in  four- 
sided  prisms  or  tables.  Its  colour  is  white,  with  shades 
of  grey,  yellow,  or  red  ; its  lustre  shining  and  peaily  ; it 
h translucent  and  semi-transparent.  Its  fracture  is  ra- 
diated ; the  rays  being  generally  diverging,  and  broad, 
or  narrow  ; the  narrow  radiated  passes  into  fibrous,  as  on 
the  other  hand  the  broad  radiated  passes  into  a variety 
which  is  foliated  ; it  is  semi-hard,  brittle,  and  light,  its 
specific  gravity  seldom  exceeding  2.  The  species  appears 
to  consist  essentially  of  silex  and  argil,  with  a smaller  pro- 
portion of  lime,  and  a considerable  quantity  of  water. 
From  the  analysis  of  the  different  varieties,  the  proportions 
are  from  50  to  58  of  silex,  from  17  to  29  of  argil,  from  6 
to  9 of  lime,  and  from  10  to  22  of  w'ater.  When  acted 
on  by  acids,  the  lime  and  argil  are  dissolved,  while  the  si- 
lex, in  minute  particles,  and  probably  in  combination  with 
water,  being  diffused  through  the  liquid,  gives  the  gela- 
tinous consistence.  The  intumescence  before  the  blowpipe 
is  probably  owing  to  the  expulsion  of  the  water  from  the 
fused  matter. 

Cubizite,  or  Analcime,  was  formerly  known  by  the 
name  of  Cubical  Zeolite,  but  it  appears  to  be  a distinct 
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species.  The  form  of  its  crystals  is  the  cube,  perfect  or 
acuminated  on  each  angle  by  three  planes.  Its  colour  is 
white  ; its  lustre  splendent  and  vitreous ; it  is  transparent, 
or  semi-transparent ; its  fracture  is  imperfectly  foliated  ; is 
harder  than  zeolite,  so  that  it  scratches  glass ; it  is  also 
heavier,  and  does  not  form  a jelly  with  acids.  Needle- 
Stone,  which  had  been  regarded  as  a zeolite,  has  also  been 
formed  into  a distinct  species,  probably  without  any  suffi- 
cient reason ; it  differs  from  the  radiated  zeolite,  in  being 
much  harder  and  more  brittle;  and  in  its  lustre  being 
greater,  and  of  the  vitreous  kind. 

Prehnite  has  some  of  the  characters  of  zeolite,  but  is 
distinguished  by  being  harder  and  heavier,  and  by  not 
forming  a jelly  with  acids.  It  occurs  massive,  and  crys- 
tallized in  quadrangular  prisms,  and  oblique  four-sided  or 
six-sided  tables,  often  aggregated.  Its  colour  is  green ; 
its  lustre  is  shining ; it  is  of  various  degrees  of  transparen- 
cy ; its  fracture  is  foliated,  or  radiated ; it  is  hard,  so  as  to 
scratch  glass ; its  specific  gravity  is  from  2.6  to  2.9.  It 
melts  before  the  blowpipe  with  intumescence.  Klaproth 
found  it  to  be  composed  of  43.83  of  silex,  30.33  of  argil, 
18.33  of  lime,  5.66  of  oxide  of  iron,  and  1.83  of  water. 

Natrolite  belongs  to  this  family.  It  occurs  massive, 
and,  in  its  fracture,  presents  straight  or  diverging  fibres ; 
its  colour  is  light  yellow,  with  little  lustre  ; it  is  translucent 
on  the  edges,  and  is  nearly  of  the  hardness  of  prehnite. 
It  fuses  very  readily  before  the  blowpipe,  and  contains  not 
less  than  16  of  soda  in  100  parts. 

Lazuhte. — Lapis  Lazuli,  or  Azure  Stone,  is  of  a rich 
.azure-blue  colour,  approaching  sometimes  to  sky-blue.; 
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with  little  lustre,  and  only  translucent  on  the  edges.  It 
occurs  massive  ; its  fracture  is  uneven  or  earthy  •,  it  is  so 
hard  as  to  scratch  glass ; its  specific  gravity  is  2.7.  It  melts 
before  the  blowpipe  into  a white  enamel,  and,  if  previously 
calcined,  is  soluble  in  acids,  forming  a jelly.  Klaproth 
found  it  to  be  composed  of  46  of  silex,  14.5  of  argil,  28  of 
carbonate  of  lime,  6.5  of  sulphate  of  lime,  3 of  oxide  of 
iron,  and  2 of  water.  It  is  used  in  Mosaic  work,  and  its 
powder  affords  the  valuable  paint  known  by  the  name  of 
Ultramarine. 

Staurolite,  or  Cross  Stone,  derives  its  name  from  oc- 
curring in  twin  crystals,  (rectangular  four-sided  prisms  acu- 
minated by  four  planes),  which  intersect  each  other,  so 
that  the  double  crystal  has  the  appearance  of  a cross.  It 
occurs  also  in  single  crystals  of  the  same  form.  Its  colour 
is  white;  its  lustre  shining  and  vitreous  ; it  is  translucent, 
or  semi-transparent.  * Its  fracture  is  foliated  ; it  is  hard  ; 
its  specific  gravity  2.3.  It  melts  before  the  blowpipe,  and 
is  phosphorescent  when  thrown  on  burning  fuel.  It  con- 
sists of  40  of  silex,  16  of  argil,  18  of  barytes,  and  15  of 
water. 

Garnet  occurs  both  massive  and  crystallized  : the  forms 
of  its  crystals  arc  the  dodccacdroa,  with  rhomboidal 
planes,  either  perfect,  or  truncated  on  all  its  edges,  giving 
36  faces.  Hie  variety  named  the  precious  garnet  is  almost 
always  crystallized ; the  common  is  often  massive.  The 
former  is  of  a red  colour,  of  various  shades  ; the  lustre  is 
more  or  less  shining,  and  is  vitreous  ; it  varies  in  transpa- 
rency from  completely  transparent  to  translucent;  its  frac- 
ture is  eonchoidal ; it  is  harder  than  quartz,  so  as  to  scratch 
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it  ; its  specific  gravity  is  from  4 to  4.3  ; it  is  therefore  one 
of  the  heaviest  of  the  earthy  fossils.  The  common  garnet 
has  less  lustre  and  transparency,  and  its  colours  are  deeper; 
it  is  also  inferior  in  hardness  and  specific  gravity.  Both 
varieties  are  melted  before  the  blowpipe.  They  consist  of 
silex  and  argil,  with  a large  proportion  of  oxide  of  iron. 

Leucite,  a fossil  which  occurs  imbedded  in  lava,  was, 
from  the  appearance  of  its  crystallization,  pained  White 
Garnet ; but  it  dilfers  altogether  in  its  characters.  Its  co- 
lour is  white,  with  a yellowish  or  greyish  tinge ; its  internal 
lustre  is  shining,  and  somewhat  vitreous ; the  crystals  vary 
from  opaque  to  transparent ; its  fracture  is  foliated  ; its  spe- 
cific gravity  is  2.4.  It  is  not  fused  before  the  blowpipe.  It 
consists  of  54of  silex,  24  of  argil,  21  of  potash,  and  2 ot  lime. 

Vesuvian  is  crystallized  in  rectangular  four-sided  prisms, 
more  or  less  deeply  truncated  on  all  its  edges.  Its  colour 
is  olive-green,  passing  into  yellow,  or  brown;  its  external 
lustre  is  splendent  and  vitreous  ; it  is  translucent ; its  frac- 
ture is  small-grained  uneven  ; it  is  harder  than  quartz ; its 
Specific  gravity  is  from  3.3  to  3.5.  It  melts  before  the 
blowpipe  into  a yellowish  glass.  It  consists  of  silex  35.5, 
lime  33,  argil  22.25,  oxide  of  iron  7.5,  oxide  of  manga- 
nese 6.25. 

Olivin  occurs  in  grains  or  rounded  pieces,  of  some- 
times, though  rarely,  crystallized  in  rectangular  four-sided 
prisms.  Its  colour  is  green,  of  different  shades ; its  lustre 
is  shining  and  vitreous ; it  is  semi-transparent ; its  fracture 
is  small  conchoidal ; it  is  inferior  in  hardness  to  quartz ; 
its  specific  gravity  is  3.2.  It  consists  of  silex  from  40  to 
.50,  of  magnesia  from  37  to  38,  lime  20.5,  oxide  ot  iroi^ 
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12.5.  With  this  fossil  the  Chrysolite  has  been  united  by 
Haiiy : in  composition  they  are  nearly  the  same ; and  in 
colour,  lustre,  hardness,  fracture,  and  forms  of  crystalli- 
zation, they  are  similar.  Augite  has  also  considerable 
resemblances  to  olivin,  and  is  frequently  found  with  it.  It 
differs  in  the  form  of  its  crystals,  which  is  a rectangular 
six-sided  prism  bevelled  on  the  extremities ; in  its  colour 
being  a darker  green,  approaching  to  black;  in  being 
harder  and  heavier,  the  specific  gravity  being  from  5.4?  to 
3.7.  It  is  composed  of  52  of  silex,  13.2  of  lime,  3.33  of 
argil,  10  of  magnesia,  14.66  of  oxide  of  iron,  and  2 ol 
oxide  of  manganese. 

Thumeustone,  or  Violet  Schorl,  occurs  generally 
crystallized  in  very  flat  and  obscure  rhombs.  Its  colour  is 
clove-brown,  which  passes  into  violet,  or  into  grey ; its 
external  lustre  is  splendent,  and  it  varies  from  transparent 
to  translucent ; its  fracture  is  uneven  ; it  is  nearly  of  the 
hardness  of  quartz : its  specific  gravity  is  3.2.  It  melts 
before  the  blowpipe,  into  a semi-transparent,  greenish 
glass.  It  consists  of  44  of  silex,  18  of  argil,  19  of  lime, 
14  of  oxide  of  iron,  4 of  oxide  of  manganese. 

Schorl  is  of  a black  colour,  with  a lustre  which  is 
weakly  shining,  and  is  generally  opaque,  or  slightly  trans- 
lucent on  the  edges.  It  occurs  massive,  and  frequently 
crystallized  in  prisms  *,  its  fracture  is  imperfectly  conchoi- 
dal,  or  uneven  •,  its  hardness  is  a little  inferior  to  that  of 
quartz  ; its  specific  gravity  is  3.  It  melts  with  ebullition 
before  the  blowpipe  into  a greyish  slag.  It  is  distinguish- 
ed by  becoming  electric  by  heat,  presenting  at  one  ex- 
tremity positive  electricity,  at  the  other  negative.  The 
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Tourmalin  is  very  nearly  allied  to  schorl,  and  is  chiefly 
distinguished  from  it  by  its  colours,  which  are  brown,  green, 
red,  and  blue,  of  numerous  shades,  generally  dark,  and 
by  its  greater  lustre.  It  consists,  according  to  Vauquelin, 
of  40  of  silex,  39  of  argil,  3.84  of  lime,  12.5  of  oxide  of 
iron,  and  2 of  oxide  of  manganese. 

Pistacite,  Epidote,  or  Thallite,  has  been  ranked  as  a 
variety  of  actynolitc  ; but  in  composition  it  approaches  to 
the  tourmalin,  its  analysis  by  Dcscostils  affording  silex  37, 
argil  27,  lime  14,  oxide  of  iron  17,  oxide  of  manganese  1.5. 
It  is  usually  crystallized  in  six-sided,  or  oblique  four-sided 
prisms ; is  of  a pistachio-green  colour  ; the  lustre  is  shining 
and  vitreous ; the  crystals  are  more  or  less  transparent ; 
the  fracture  is  foliated  or  radiated  ; it  is  hard  and  brittle. 

Sciiorlite,  having  a considerable  resemblance  to  schorl, 
was  regarded  as  a variety  of  it ; but  it  appears  to  be  a dis- 
tinct species.  It  is  usually  of  a light  yellow  colour,  which 
passes  into  deep  yellow,  green,  or  greenish-white,  and  also 
violet-blue  and  red.  It  occurs  massive,  or  crystallized  in 
long  hcxaedral  prisms,  more  or  less  translucent,  and  hav- 
ing a shining  lustre ; its  cross  fracture  is  foliated ; it  is 
moderately  hard  and  brittle.  It  consists,  according  to 
Klaproth,  of  50  of  argil,  and  50  of  silex ; according  to 
Vauquelin,  of  arg^  52.6,  silex  36.8,  lime  33,  and  water  1.5. 

Besides  these  fossils,  silex  is  found  deposited  in  a stalac- 
titic  form  from  waters,  in  which  it  has  been  previously  in 
a state  of  solution.  The  deposite  from  the  Geyser  foun- 
tain is  the  principal  example  of  this  kind.  It  occurs  in 
massive  pieces  ; the  surface  sometimes  botryoidal ; its 
fracture  is  either  compact  or  fibrous;  it  has  scarcely  any 
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lustre  j is  of  a greyish-white  colour  ; and  is  only  semi-in- 
durated, so  as  to  be  easily  broken.  It  consists,  according 
to  Klaproth’s  analysis,  of  98  of  silex,  1.5  of  argil,  0.5  of 
oxide  of  iron.  Similar  deposites  are  formed  from  other 
mineral  springs : in  some  siliceous  stalactites,  the  surface 
is  even  covered  with  crystals  of  quartz. 


Sect.  VI 11. — Of  Zircon  Fossils. 

To  the  zircon  genus  of  fossils  belong  two  fossils  in  which 
this  earth  is  found,  the  Zircon  and  Hyacinth.  To  these 
Werner  has  added  another,  from  its  external  colours,  the 
Cinnamon  Stone. 

Zircon  or  Jargon  occurs  in  rounded  or  angular  grains, 
and  crystallized.  Its  principal  colour  is  grey,  but  it  has 
often  shades  of  green,  blue,  yellow,  and  brown  ; its  in- 
ternal lustre  is  resplendent  anil  adamantine  ; it  is  transpa- 
rent ; its  fracture  is  small  conclioidal ; it  is  extremely  hard, 
so  as  to  be  scarcely  affected  by  the  file  ; its  specific  gravity 
is  4.6  or  4.7.  It  does  not  melt  alone  before  the  flame 
of  the  blowpipe,  but  with  borax  added  it  forms  a trans- 
parent glass.  It  consists  of  zircon  68,  silex  31.5,  oxide  ot' 
\ron  0.5.  It  is  cut  as  a gem,  and  is  sometimes  sold  for  the 
diamond,  as,  when  cut,  it  lias  a similar  play  of  colours. 

The  Hyacinth  occurs  in  grains,  or  crystallized ; its 
principal  colour  is  what  has  been  named  Hyacinth  Red, 
but  often  with  various  other  shades  ; its  lustre  is  resplen- 
dent and  resinous ; it  is  transparent  or  semi-transparent 
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its  fracture  is  foliated  ; it  is  very  hard,  scratching  quartz  j 
its  specific  gravity  is  4.. 6.  It  loses  its  colour  before  the 
flame  of  the  blowpipe,  is  not  fused,  but  melts  with  borax 
into  a transparent  glass.  It  consists  of  zircon  / 0,  silex 
25,  oxide  of  iron  0.5,  with  4.5  of  loss. 

Cinnamon  Stone  occurs  in  fragments  of  a yellowish- 
brown  colour,  internally  shining,  its  lustre  being  inter- 
mediate between  resinous  and  vitreous ; it  varies  from 
transparent  to  translucent ; is  hard,  and  has  an  imperfect 
conchoidal  fracture.  Its  composition,  according  to  its 
analysis  by  Lampadius,  is  silex  42.8,  zircon  28.8,  argil 
8.6,  potash  6,  lime  3.8,  oxide  of  iron  3,  with  7 of  loss. 
Klaproth,  however,  lias  been  unable  to  discover  zircon  in  it. 


Sect.  I X.—Gadolinilc. 

This  forms  the  only  known  species  of  the  genus  oi 
earthy  fossils  of  which  Ittria'is  the  base.  The  Gadolinite 
occurs  massive  and  disseminated  ; its  colour  is  deep  black  ; 
its  internal  lustre  is  resplendent ; it  is  opaque,  or  feebly 
translucent ; its  fracture  is  conchoidal ; its  hardness  is  such 
that  it  is  not  scratched  by  the  knife  *,  its  specific  gravity  is 
4.2.  It  intumesces  before  the  blowpipe,  but  is  not  fused. 
With  nitric  acid  it  forms  a gelatinous  solution.  It  consists 
of  ittria  59.75,  silex  21.25,  oxide  of  iron  17.5,  argil  0.5, 

waiter  0.5. 
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CIIAP.  nr. 

OF  METALLIC  MINERALS. 

Under  this  order  are  comprised  those  native  combina- 
tions  in  which  metals  are  alloyed  with  each  other,  or  are 
united  with  other  substances.  The  individuals  under  each 
genus  are  connected,  even  in  the  strictest  mineralogical 
systems,  entirely  by  their  common  relation  to  the  metal 
which  forms  its  base,  and  not  by  any  analogies  in  external 
properties ; the  arrangement,  therefore,  is  purely  chemi- 
cal. Metallic  minerals  retain  in  general  the  characteristic 
metallic  qualities,  lustre,  opacity,  and  great  specific  gravity, 
though  to  this  there  are  many  exceptions. 


Sect.  I. — Of  Native  Gold. 

Native  gold  occurs  pure,  or  alloyed  with  portions  of 
other  metals,  more  particularly  with  silver,  copper,  and 
tellurium.  Its  colour  is  yellow,  approaching  to  that  of 
pure  gold,  according  as  it  is  more  free  from  other  metals. 
Its  lustre  is  metallic  and  shilling ; it  is  soft,  highly  mal- 
leable, and  ductile  ; its  fracture  is  hackly ; its  specific  gra- 
vity is  always  above  12,  and  rarely  equal  to  19.  It  occurs 
- sometimes,  though  rarely  crystallized ; the  forms  of  the 
crystals  being  the  cube,  the  octaedron,  and  the  dodecae- 
Vol.  II.  F 
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clron,  with  rhomboidal  planes : it  is  also  found  capillary, 
filiform,  in  thin  plates  or  spangles,  and  sometimes  massive ; 
sometimes  also  in  small  grains  in  the  sand  of  rivers  and 
streams,  forming  what  is  named  Gold  Dust.  Besides  this, 
which  is  the  common  variety,  there  is  one  of  a brass  yel- 
low colour,  generally  disseminated,  or  in  small  plates,  in 
which  the  gold  appears  to  be  alloyed  with  silver  and  a little 
iron  ; and  another  of  a steel-grey  colour,  passing  to  yel- 
low, in  which  the  proportion  of  alloy  is  greater. 

Some  minerals  have  been  regarded  as  ores  of  gold, 
though  they  are  not  strictly  so,  as  they  contain  larger 
quantities  of  other  metals.  The  principal  of  these  are  the 
two  native  alloys  of  tellurium,  the  graphic  gold  ore,  or* 
graphic  silvanite,  -and  the  white  silvanite,  which  pass  into 
each  other.  These  consist  of  from  20  to  27  of  gold,  with 
from  45  to  60  of  tellurium,  10  of  silver,  and  sometimes  a 
little  lead.  The-  alloy  is  in  minute  indeterminate  crystals 
of  a greyish- white  colour,  generally  attached  to  each  other 
laterally,  and  dispersed  on  the  surface  of  the  matrix,  so 
as  to  bear  some  resemblance  ’to  printed  letters ; hence 
the  name,  graphic  gold  ore.  Gold  is  also  found  in  smallei 
quantity  in  some  other  ores,  especially  in  some  varieties  o 
sulphuret  of  iron,  or  pyrites,  which  are  hence  named 
Auriferous,  as  well  as  in  some  of  the  other  native  sulphu- 
rets,  in  all  which  it  is  supposed  to  be  merely  disseminated, 
without  being  combined. 


Native  platina. 
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Sect.  II. — Of  Native  Platina. 

Platina,  like  gold,  is  found  only  in  the  metallic  form. 
It  has  not  been  found  in  the  original  repository,  but  in  the 
sand  of  certain  streams,  and  this  forms  what  is  named  Na- 
tive Platina,  hitherto  discovered  only  in  South  America. 
It  is  in  the  form  of  grains,  but  pieces  have  been  found  of 
a greater  size.  Its  colour  is  white,  approaching  to  a light 
steel-grey  ; its  lustre  metallic  and  shining.  It  is  semi-hard, 
perfectly  malleable,  flexible,  and  has  a.  specific  gravity 
above  15.  It  is  the  least  fusible  of  the  native  metals,  not 
melting  except  in  a heat  such  as  that  excited  by  a power- 
ful burning  mirror,  and  it  is  soluble  only  in  nitro-muriatic 
acid. 


Sect.  III. — Of  Ores  of  Silver. 

Silver  is  found  native,  and  also  mineralized.  Native 
silver  has  the  general  qualities  of  the  metal.  Its  colour  is 
white,  though  frequently  tarnished;  its  lustre  metallic; 
it  is  perfectly  malleable  and  ductile,  usually  flexible  ; it  is 
soft ; its  lracturc  is  hackly.  It  occurs  massive,  branched, 
capillary,  in  thin  plates,  and  crystallized  ; the  crystals  be- 
ing generally  small  and  aggregated. 

By  an  alloy  of  antimony  with  silver,  characters  are  ao 
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quired  sufficiently  distinctive  to  form  a species,  which  has 
been  named  Antimonial  Silver.  It  differs  from  the  pre- 
ceding in  having  less  external  lustre,  in  its  colour  being 
tin-white,  its  fracture  being  lamellated,  and  in  being  brit- 
tle. It  consists  of  from  67  to  84  of  silver,  with  from  24 
to  16  of  antimony.  Another  native  alloy  of  silver,  form- 
ing a species,  is  that  with  arsenic,  containing  also  some- 
times iron  and  antimony,  named  Arsenical  Silver.  Its  co- 
lour is  tin-white,  which  is  always  tarnished,  and  often  ap- 
proaches to  grey.  Its  external  lustre  is  weakly  shining  ; 
its  fracture  is  foliated ; it  is  soft  and  brittle.  It  occurs  mas- 
sive, disseminated,  and  crystallized  ; the  forms  of  its  crys- 
tals being  the  six-sided  prism  or  pyramid.  Before  the 
blowpipe  it  exhales  vapours  of  arsenic  and  antimony.  It 
consists  of  35  arsenic,  44.25  iron,  12.75  silver,  and  7 of 
antimony. 

Silver  mineralized  by  sulphur,  forms  the  Vitreous  Sil- 
ver Ore,  or  Silver  Glance  Sulphuretted  Silver.  Its  co- 
lour is  lead-grey,  passing  to  steel-grey  •,  its  lustre  is  shining, 
or  glistening,  and  metallic  ; its  fracture  is  uneven  ; it  is  soft, 
so  as  to  be  cut  by  the  knife,  malleable  and  flexible ; its 
specific  gravity  is  about  7.200.  It  occurs  massive,  disse- 
minated, of  various  imitative  shapes,  as  filiform,  and  in 
minute  crystals.  It  consists  of  about  84  of  silver,  with 
16  of  sulphur. 

The  name  of  Red  Silver  Ore  is  given  to  a species,  which, 
from  its  composition,  maybe  named  Sulphuretted  Anti- 
monial Silver.  Its  colour  is  red,  of  various  shades;  its 
lustre  is  shining,  and  metallic  or  adamantine ; when  mas 
sivc,  it  is  opaque ; when  crystallized,  transparent  oi  semi- 
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transparent ; its  fracture  is  uneven,  is  soft  and  brittle ; has 
a specific  gravity  from  5.56  to  5.59.  It  occurs  massive, 
disseminated,  dendritic,  and  minutely  crystallized,  bleat- 
ed on  charcoal  by  the  blowpipe,  it  decrepitates,  melts, 
exhales  a white  vapour  having  an  unpleasant  odour,  and 
gives  a globule  of  silver.  It  consists,  according  to  Vau- 
quelin’s  analysis,  of  silver  56.67,  antimony  16.16,  sulphur 
15.07,  and  oxygen  12.13,  this  oxygen,  as  he  supposes,  be- 
ing divided  between  the  metals,  forming  oxides,  with  which 
the  sulphur  is  combined. 

Grey  Silver  Ore,  as  it  has  been  named,  can  scarcely  be 
regarded  as  an  ore  of  silver,  since  it  contains  not  more 
than  from  9 to  20  parts  of  silver  in  100  parts,  while  it  con- 
tains from  40  to  48  of  lead,  and  from  8 to  21  of  antimo- 
ny. It  consists  besides  of  from  12  to  22  of  sulphur,  1 or 
, 2 of  iron,  from  1 to  7 of  argil,  and  a minute  trace  of  si- 
lex.  There  are  two  varieties  of  it,  the  light  grey,  or 
white  silver  ore,  the  colour  of  which  is  a light  lead  grey  j 
its  lustre  shining  and  metallic,  and  which  occurs  always 
massive  or  disseminated  ; and  the  dark-grey  silver  ore, 
the  colour  of  which  is  iron  grey,  passing  to  black,  without 
lustre  ; and  its  fracture  is  earthy.  They  pass  into  each 
other,  and  into  the  other  native  metallic  sulphurets. 

Silver  mineralized  by  muriatic  acid,  forms  a well-defin- 
ed species,  Horn  Silver  Ore,  as  it  has  been  named.  Its  co- 
lour is  pearl-grey,  of  various  shades,  passing  into  white  or 
blue  ; externally,  its  lustre  is  shining ; it  is  translucent, 
gives  a shining  streak  ; is  soft,  so  as  to  be  easily  cut,  is  al- 
so malleable  ; its  fracture  is  fine  grained  uneven,  specific 
gravity  about  4.7.  It  occurs  rarely  massive,  more  fre- 
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quently  crystallized  *,  its  crystals  being  acicular,  or  cubes 
which  are  aggregated.  Heated  before  the  blowpipe  it 
melts,  exhales  a disagreeable  odour,  and  gives  a globule 
of  silver.  Another  characteristic  chemical  character  of  it 
is,  that  when  breathed  on,  and  rubbed  by  a piece  of  iron 
or  zinc,  the  rubbed  surface  exhibits  a thin  film  of  reduced 
silver.  It  consists  of  silver  67.75,  muriatic  acid  21,  sulphu- 
ric acid  0.25,  oxide  of  iron  6,  argil  1.75,  lime  0.25. 

These  are  the  proper  silver  ores.  This  metal  is  like- 
wise present  in  small  quantity  in  other  metallic  ores; 
from  which,  from  its  commercial  value,  it  is  an  object  to 
extract  it ; but  these  do  not  properly  belong  to  this  genus, 


Sect.  IV.— Of  Ores  of  Quicksilver. 

Tins'  metal  occurs  native  and  mineralized.  Native 
Quicksilver  is  found  in  globules,  on  the  suiiace,  oi  in  the 
crevices  of  other  mercurial  ores,  or  other  lossils,  retaining 
the  lustre,  opacity,  mobility,  and  other  propel  ties  of  the 
pure  metal  Sometimes  it  has  an  alloy  ol  silvei,  so  as 
to  give  a soft,  and  even  a firm  consistence ; and  when 
the  proportion  of  silver  is  large,  it  forms  a proper  species, 
which  occurs  in  a crystallized  form,  having  the  general 
qualities  of  the  metals  of  which  it  is  composed.  It  exhales 
the  quicksilver  in  vapour  when  exposed  to  the  heat 

blowpipe,  and  the  silver  remains. 

Quicksilver  in  the  state  ot  oxide  combined  with  nm 
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viatic,  and  a portion  of  sulphuric  acid,  forms  the  species 
which  has  been  named  Mercurial  Horn  Ore.  This  gene- 
rally occurs  in  small  crystals.  Its  colour  is  grey,  with  a 
pearly  lustre.  It  is  faintly  translucent : its  fracture  is  fo- 
liated ; it  is  soft  and  brittle,  so  as  to  be  easily  scraped,  or 
cut  with  a knife.  Before  the  blowpipe  it  is  volatilized. 

Quicksilver  mineralized  by  sulphur,  forms  Cinnabar,  its 
most  abundant  ore.  Its  colour  is  red,  of  various  shades  ; 
its  lustre  various,  passing  from  shining  to  dull.  It  occurs 
massive,  disseminated,  and  crystallized,  the  crystals  being 
always  small.  When  crystallized,  it  is  translucent  or  semi- 
transparent ; when  massive,  opaque.  It  is  brittle  and  soft. 
Its  specific  gravity  varies  from  6 to  10.  Heated  by  the 
blowpipe,  it  is  volatilized,  with  smoke,  a blue  flame,  and 
an  odour  of  sulphur.  It  consists,  when  free  from  foreign 
matter,  according  to  Klaproth’s  analysis,  of  84.5  of  quick- 
silver, and  14.75  of  sulphur. 

Hepatic  Quicksilver  Ore  occurs  massive-  Its  colour  is 
intermediate  between  dark-red  and  lead-grey,  or  iron- 
black.  It  has  little  lustre,  and  is  perfectly  opaque.  Its 
fracture  is  even  or  slaty.  It  is  soft,  brittle,  and  has  a spe- 
cific gravity  of  from  7 to  9.  Its  nature  was  not  well  ascer- 
tained, until  it  was  examined  by  Klaproth,  who  has  given 
as  the  results  of  the  analysis, — quicksilver  Sl.S,  sulphur 
13.7,  charcoal  2.3,  silex  0.65,  argil  0.55,  oxide  of  copper 
0.2,  water  and  loss  0.7.  It  is  probably  cinnabar,  altered 
by  the  intermixture  of  small  quantities  of  foreign  sub* 
stances; 
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Sect.  V. — Of  Ores  of  Copper. 

n Copper  occurs  native,  and  likewise  mineralized,  form- 
ing several  species  of  ores,  in  general  well  defined. 

Native  Copper  has  the  general  properties  of  the  pure 
metal.  Its  colour  is  red,  but  frequently  tarnished  : its  lus- 
tre metafile  ; it  is  flexible,  ductile,  and  malleable ; its  fi  ac- 
ture,  like  that  of  other  metals,  is  hackly.  Its  specific 
gravity  is  from  7.6  to  8.5.  It  occurs  massive,  in  branched 
pieces,  dendritic,  in  thin  plates,  and  indistinctly  cijstal- 
lized. 

Copper  mineralized  by  oxygen,  forms  Red  Copper  Ore, 
of  which  what  is  named  florid  red  copper  ore  is  the  purest 
form.  It  occurs  massive,  in  plates,  disseminated,  and 
crystallized.  Its  colour  is  cochineal-red,  of  various  shades, 
approaching  to  carmine-red  ; its  lustre  is  semi-metallic,  or 
adamantine ; it  is  opaque  when  massive ; transparent,  or 
semi-transparent,  when  crystallized ; it  is  semi-haid,  biittle  ; 
its  specific  gravity  is  about  3.9.  Its  fracture  is  compact,  foli- 
ated, or  fibrous ; whence  different  varieties  are  formed.  It 
appears  to  be  pure  oxide  of  copper*,  consisting,  according  to 
Chenevix’s  analysis  of  it,  of  about  88.5  of  copper,  and  1 1 .5 
of  oxygen.  The  brick-red  or  tile-red  copper  ore,  which 
occurs  earthy  or  little  indurated,  appears  to  be  a mixture 
of  oxide  of  copper  and  oxide  of  iron. 

Oxide  of  copper  combined  with  carbonic  acid,  appears 
to  form  two  natural  species,  the  Blue  Carbonate  ami  the 
Green  Carbonate-,  the  differences  between  which  arise 
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probably  from  different  states  of  oxidizement  of  the  metal, 
or  perhaps  in  part  from  the  combination  of  water. 

The  Blue  Carbonate  is  known  under  the  name  of  Moun- 
tain Blue.  One  variety  is  earthy,  usually  forming  an  in- 
crustation, sometimes  massive,  the  colour  of  which  is  smalt 
blue  without  any  lustre.  The  other  is  indurated ; its 
principal  colour  is  azure-blue ; when  crystallized,  its 
lustre  is  shining  and  glassy ; when  massive,  it  is  rather 
dull ; the  latter  is  opaque,  while  the  crystals  are  translu- 
cent, or  semi-transparent ; the  forms  of  its  crystals  are  the 
rectangular  and  the  rhomboidal  four-sided  pi  ism,  acumi- 
nated  by  four  planes ; they  are  small  and  aggregated. 
This  species  dissolves  in  nitrous  acid  with  effervescence. 
Analysed  by  Pelletier,  its  constituent  parts  were  from  66 
to  70  of  copper,  from  8 to  10  of  oxygen,  from  18  to  20  of 
carbonic  acid,  and  2 of  water. 

The  Green  Carbonate  of  copper  comprises  two  varieties, 
what  have  been  named  Mountain  Green,  and  Malachite. 
The  first  is  massive,  but  more  generally  occurs  as  an  in- 
crustation; its  colour  is  verdegris-green ; it  is  generally 
dull  ; its  fracture  is  earthy  or  small  conc.hoidal ; and  it  is 
soft  and  brittle  ; it  effervesces,  though  slightly,  with  acids, 
and  appears  to  consist  of  oxide  or  carbonate  of  copper, 
with  argil  and  lime.  The  other  variety,  Malachite,  oc- 
curs massive,  disseminated,  incrusting,  and  crystallized  in 
capillary  and  acicular  prismatic  crystals ; its  colour  is 
^rreen ; its  lustre  is  silky  or  pearly ; its  fracture  striated, 
the  striae  being  usually  divergent.  One  variety  has  a com- 
pact fracture.  This  species  effervesces  with  acids.  'Hie 
fibrous  malachite  analysed  by  Klaproth  was  found  to  con- 
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sist  of  58  of  copper,  18  of  oxygen,  12.5  of  carbonic  acid, 
and  11.5  of  water.  It  contains  therefore  more  oxygen  and 
more  water  than  the  blue  carbonate. 

Copper  mineralized  by  phosphoric  acid  forms  a rare 
ore,  formerly  confounded  with  malachite,  but  analysed  by 
Klaproth,  and  found  to  consist  of  oxide  of  copper  68.13, 
phosphoric  acid  30.95.  It  occurs  massive,  disseminated, 
in  cubic  crystals  very  small  and  grouped,  of  a green  colour, 
often  black  on  the  surface,  with  a vitreous  lustre,  and 
opa.quc  : its  fracture  is  fibrous. 

Copper  occurs  also  mineralized  by  muriatic  acid  : This 
fossil  was  first  observed  in  angular  grains  ; it  has  since 
been  obtained  massive,  and  crystallized  in  six  and  in  four 
sided  prisms,  transparent,  with  considerable  lustre  ; when 
massive,  it  is  opaque.  It  dissolves  in  nitric  and  muriatic 
acids  without  effervescence,  and  distilled  with  sulphu- 
ric acid,  exhales  muriatic  acid.  Analysed  by  Klaproth 
and  Proust,  it  has  given  nearly  the  same  results,  from  70 
to  76  of  oxide  of  copper,  about  10  of  muriatic  acid,  and 
from  12  to  16  of  water. 

Sulphate  of  copper  occurs  in  solution  in  the  water  oi 
some  copper-mines  ; and  sometimes  deposited  stalactitic  or 
crystallized ; its  crystals  being  either  capillary,  or  cubes 
truncated  on  the  edges  or  angles,  of  a blue  colour,  shin- 
ing and  translucent. 

Copper  occurs  mineralized  by  arsenic  acrid,  forming  com- 
binations which  differ  with  regard  to  proportions,  ami  the 
presence  of  water  ; giving  rise  to  several  varieties,  . which 
have  even  been  regarded  as  distinct  species,  and  the  com- 
position of  which  has  been  established  by  Chcuevix.  I here 
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is  one  which  occurs  crystallized,  in  the  form  of  an  obtuse 
octaedron.  Its  usual  colour  is  sky-blue-,  though  some- 
times it  is  of  an  apple  or  grass  green  -,  it  is  translucent, 
shining  -,  it  is  brittle  ; has  a specific  gravity  of  2.881.  It 
consists  of  49  of  oxide  of  copper,  14  of  arsenic  acid,  and 
not  less  than  35  of  water.  A second  is  crystallized  in 
hexaedral  tables,  bevelled  on  the  terminal  planes  -,  its  co- 
lour is  a deep  emerakl-green,  with  much  lustre  and  trans- 
parency ; it  is  less  hard,  and  likewise  less  heavy  ; its  spe- 
cific gravity  being  only  2.548.  It  consists  of  58  of  oxide 
of  copper,  21  of  arsenic  acid,  and  21  of  water.  A third 
is  crystallized  in  the  form  of  an  acute  octaedron,  the  crys- 
tals sometimes  being  lengthened  and  capillary  ; frequent- 
ly capillary  and  indeterminate;  in  some  specimens  ap- 
pearing as  delicate  fibres  parallel  or  divergent ; and  some- 
times in  layers,  flat  or  mammillatcd,  and  of  a fibrous  tex- 
ture. The  colour  in  these  different  states  is  dark  olive- 
green,  often  passing  into  brown  or  yellow,  or  greenish- 
white ; it  is  generally  transparent,  or  semi-transparent; 
the  lustre  is  externally  shining ; it  is  harder  than  the  pie- 
ceding  varieties,  and  is  much  heavier  ; the  specific  gravity 
bein'*  4.280.  It  consists  of  from  50  to  60  of  oxide  of 
copper,  from  30  to  40  of  arsenic  acid,  with,  in  some  varie- 
ties, water  amounting  to  18  or  20  parts.  The  last  variety 
occurs  crystallized  in  tricdral  prisms,  generally  extremely 
small;  they  are  of  a beautiful  bluish  green  coloui,  but 
from  decomposition  often  black;  when  unaltered,  they 
are  transparent.  Its  specific  gravity  is  4.280.  It  consists  of 
5 4 oxide  of  copper,  30  arsenic  acid,  ami  16  water. 


Copper,  in  combination  with  sulphur,  with  variable  pro- 
portions of  several  other  metals,  forms  a scries  o)  oies, 
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which  pass  into  each  other,  and  which  it  is  difficult  to 

! 

arrange  as  distinct  species,  as  it  is  not  easy  to  determine 
whether  some  of  them  are  aggregates  or  compounds  of 
different  metallic  sulphurets,  or  whether  two  or  more  of 
the  metals  associated  together  are  in  immediate  combination 
with  each  other,  and  with  the  sulphur.  What  is  named 
Vitreous  Copper  Ore  appears  to  be  the  sulphuret  of  copper 
in  its  purest  form;  it  consists  of  78.50  of  copper,  18.50 
of  sulphur,  2.25  of  iron,  and  0.75  of  silex.  It  occurs 
massive,  disseminated,  and  crystallized,  the  forms  of  its 
crystals  being  numerous  and  often  imperfect.  Its  colour 
is  grey  •,  its  lustre  metallic ; its  fracture  is  conchoidal  or 
even,  or  foliated ; its  specific  gravity  is  from  4 to  5.3. 
In  the  Purple,  or  Variegated  Copper  Ore,  the  propor- 
tion of  iron  is  larger,  and  either  it  or  the  copper  ap- 
pears to  be  slightly  oxidated.  Klaproth’s  analysis  gave  of 
copper  69.5,  of  iron  17.5,  of  sulphur  19,  and  of  oxygen 
4 or  5.  The  colour  of  a fresh  fracture  is  reddish-brown, 
but  it  quickly  tarnishes ; various  tints  of  purple,  blue,  red, 
reddish-yellow,  and  green,  being  assumed  and  intermix- 
ed on  the  same  surface.  It  occurs  usually  massive,  some- 
times disseminated ; its  lustre  is  shining  and  metallic,  but 
is  diminished  with  the  tarnishing ; it  is  opaque ; is  soft 
and  brittle ; its  specific  gravity  from  4.3  to  4.9.  Copper 
Pyrites  is  a compound  of  sulphur,  copper,  and  iron  ; or, 
in  another  point  of  view,  a combination  of  sulphuret  of 
copper,  and  sulphuret  of  iron,  and  these  are  in  various 
proportions.  Its  colour  is  brass-yellow,  being  deeper  as 
the  copper  is  more  abundant  in  its  composition  ; it  is  ge- 
nerally tarnished,  and  often  iridescent.  It  occurs  mas- 
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give,  disseminated,  in  botryoidal  and  stalactitic  forms, 
and  crystallized.  Its  lustre  is  shining  and  metallic ; its 
fracture  uneven  ; it  is  brittle,  and  has  a specific  gravi- 
ty from  4.1  to  4.3.  The  last  of  these  sulphurets  is  the 
Grey  Copper  Ore.  It  contains,  combined  with  the 
sulphur  and  copper,  various  metals,  lead,  antimony,  sil- 
ver, and  iron,  in  very  valuable  proportions;  and  what 
proves  it  to  be  a proper  sulphuret  of  copper,  and  that 
these  are  merely  mixed  with  it,  is  that,  when  present,  they 
do  not  materially  modify  its  properties,  and  that  it  occurs 
composed  of  copper,  iron,  and  sulphur  alone;  one  specimen 
analysed  by  Chenevix  having  given  52  of  copper,  31  of 
iron,  and  14  of  sulphur.  It  occurs  massive,  disseminated, 
and  crystallized ; the  principal  form  of  its  crystals  being 
the  tetraedron  or  three-sided  pyramid,  variously  modified. 
Its  colour  is  steel-grey,  which  is  liable  to  tarnish  : its  lustre 
is  shining  and  metallic ; its  fracture  uneven  ; it  is  brittle, 
and  has  a specific  gravity  from  4.4  to  4.8. 

What  is  named  White  Copper  Ore  has  not  been  accu- 
rately analysed,  but  it  appears  to  contain  arsenic,  from  the 
odour  it  exhales  when  heated  by  the  blowpipe,  in  combi- 
nation with  copper,  and  probably  iron,  and  sulphur.  Its 
colour  is  white,  with  a shade  of  grey  or  yellow;  its  lustre 
is  metallic ; it  is  brittle,  and  has  a fine-grained  uneven  frac- 
ture ; it  occurs  either  massive  or  disseminated,  and  is  a 
very  rare  ore. 
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Sect.  VI. — Of  Ores  of  Iron. 

Iron  is  of  ail  metals  the  one  of  most  extensive  distribu- 
tion. It  occurs  generally  in  the  state  of  oxide,  pure  or 
combined  with  other  substances,  forming  an  extensive  fa- 
mily of  ores. 

Besides  these,  the  singular  fact  has  been  established, 
that  it  is  a meteoric  or  atmospheric  production,  the  stony 
masses  which  it  has  been  established  by  the  most  ample 
evidence  have  fallen  from  the  clouds  at  different  periods, 
and  in  different  countries,  being  composed  principally  of 
iron.  As  natural  compounds  of  this  metal,  they  may  b'c 
considered  in  this  place. 

These  meteoric  stones  arehcterogencous  in  their  structure. 
They  have  externally  a thin  black  crust.  When  broken, 
they  are  of  an  ash-grey  colour,  and  granulated  texture,  and 
appear  to  be  composed  of  four  substances,  which  can  be 
distinguished  by  a lens.  One  of  these  is  in  small  globular 
or  elliptical  grains  of  a grey  colour,  having  a conchoidal 
fracture,  a lustre  resembling  that  of  enamel,  and  so  hard 
as  to  scratch  glass ; this  has  a resemblance  in  characters 
and  composition  to  the  Chrysolite.  Another  consists  of 
iron  pyrites  of  a reddish-yellow  colour,  and  granulated  tex- 
ture. The  third  consists  of  particles  of  iron  in  a metallic 
state,  capable  of  being  extended  under  the  hammer,  and 
giving  to  the  entire  stone  the  property  of  being  attracted 
by  the  magnet.  These  three  substances  are  united  by  a 
fourth,  which  is  nearly  of  an  earthy  consistence.  Mr  I Iow- 
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nrd,  some  years  ago,  investigated  the  composition  of  these. 
Both  the  metallic  pyrites  and  the  iron  contain  nickel,  lhe 
vitrified  substance  consists  of  silex,  magnesia,  oxide  of  iron, 
and  a little  nickel.  The  composition  of  the  earthy  matter 
is  nearly  the  same,  and  it  differs  principally  in  aggregation. 
The  external  crust  consisted  of  iron  and  nickel  partially 
oxidized.  In  all  the  specimens  the  same  elements  were 
found,  and  in  proportions  not  very  different ; and  this  a- 
oreement  in  fossils,  found  in  countries  so  remote,  is  a proof 
of  their  common  origin. 

There  is  every  reason  to  believe,  that  the  large  insulated 
masses  of  iron  which  have  been  observed  in  America  and 
Siberia  have  had  the  same  origin.  Proust,  in  analysing  a 
fragment  of  that  from  America,  found  it  to  contain  nickel 
and  Mr  Howard,  on  repeating  the  analysis,  likewise  ascer- 
tained this,  100  grains  giving  7,t  of  nickel.  That  from  Si- 
beria he  equally  found  to  contain  nickel.  Ana  both  these 
masses  have  a vitrified  matter,  resembling  chrysolite,  in- 
termixed in  their  substance,  analogous  to  that  present  in 
the  meteoric  stones. 

From  a number  of  the  accounts  authenticated  with  re- 
gard to  the  fall  of  these  masses,  it  appears  that  they  have 
been  highly  heated,  and  probably  in  a state  of  fusion.  The 
stone,  when  touched  after  its  fall,  has  been  felt  quite  hot, 
and  the  external  crust  has  appeared  newly  vitrified.  I lie 
fall  has  also  been  frequently  accompanied  with  the  appear- 
ance of  a fiery  meteor,  as  of  a luminous  ball,  and  some- 
times with  discharges  ofliglitning,  and  with  a loud  noise, 
or  repeated  explosions. 

With  regard  to  the  origin  of  these  masses,  it  is  extreme- 
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ly  difficult  to  advance  any  hypothesis  at  all  satisfactory 
They  have  been  supposed  to  be  projected  from  volcanoes, 
a supposition  refuted  by  the  consideration  of  their  entire 
dissimilarity  to  any  known  volcanic  production,  and  of 
their  fall  in  countries  so  remote  from  any  volcanoes.  La 
Place  advanced  the  bold  conjecture,  that  they  have  been 
projected  from  the  moon,  and  endeavoured  to  shew  by  cal  - 
culation, that  a force  might  be  exerted  at  the  surface  of 
that  planet  adequate  to  this  effect, — a calculation  involving, 
however*,  the  gratuitous  and  improbable  assumption,  that 
the  moon  has  no  atmosphere,  and  liable  to  other  objec- 
tions. The  more  moderate  hypothesis  is  obvious,  that 
they  may  be  the  products  of  combinations  in  the  upper 
regions  of  the  atmosphere.  But  all  such  conjectures  must 
of  course  rest  on  very  hypothetical  grounds. 

The  most  abundant  and  most  numerous  ores  of  iron  are 
those  in  which  it  is  mineralized  by  oxygen,  of  which  there 
is  a series  differing  in  the  degree  of  oxidation  of  the  metal, 
and*  in  the  intermixture  of  other  substances.  These  may 
be  arranged,  principally  from  their  chemical  relations. 

One  species  well  defined  is  that  named  Magnetic  Iron 
Ore,  from  its  high  magnetic  power.  It  occurs  massive  and 
crystallized  ; the  forms  of  its  crystals  being  the  cube,  octae- 
dron,  and  rectangular  tetraedral  prism.  Its  colour  is  black 
or  deep-grey  ; its  lustre  is  shining  and  metallic  ; and  it  is 
opaque : its  fracture  is  uneven,  or  imperfectly  foliated  ; it 
is  brittle,  and  hard  ; its  specific  gravity  is  from  4.2  to  4.9: 
it  is  insoluble  in  nitric  acid,  but  dissolves  in  muriatic  acid, 
with  the  assistance  of  heat.  It  yields  from  80  to  90  in  100 
of  iron,  and  may  be  regarded  as  a pure  oxide.  Sometime* 
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it  occurs  in  the  form  of  small  particles  or  grains,  forming 
what  is  named  Magnetic  Iron  Sand. 

The  next  species  is  equally  determinate, — that  named 
Specular  Iron  Ore,  or  Iron  Glance.  In  it  the  magnetic 
power  is  so  far  impaired  by  a higher  degree  of  oxidizement, 
that  it  is  attracted  by  the  magnet  only  when  in  fine  pow- 
der. It  occurs  massive,  and  frequently  crystallized ; the 
forms  of  its  crystals  being  very  numerous,  and  variously 
modified ; its  colour  is  steel-grey,  but  is  often  tarnished 
and  iridescent ; the  lustre  is  highly  shining  and  metallic  ; 
its  fracture  is  uneven,  sometimes  foliated  ; it  is  so  hard  as 
to  scratch  glass,  and  is  brittle ; its  specific  gravity, is  from 
4.6  to  5.2.  It  is  insoluble  in  nitric  acid,  but  dissolves  in 
the  muriatic  acid,  with  the  assistance  of  heat.  It  consists 
of  from  60  to  80  of  iron,  and  from  20  to  30  of  oxygen. 
The  Micaceous  Iron  Ore  has  been  regarded  as  a variety 
of  this  species.  It  is  massive,  disseminated,  or  crystalliz- 
ed, in  small  and  thin  six-sided  plates;  is  shining,  and  feels 
somewhat  greasy,  but  without  staining  the  fingers ; and  is 
not  so  hard  as  the  specular  iron  ore  ; its  fracture  is  foliated! 

The  next  family  of  ores  it  is  more  difficult  to  arrange  as 
species.  The  iron  is  in  a higher  state  of  oxidation,  and 
the  oxide  is  mixed  with  quantities  of  several  other  sub- 
stances, principally  argil,  silex,  and  lime,  but  in  such  va- 
riable proportions,  and  passing  so  much  into  each  other, 
that  their  specific  distinctions  can  be  only  imperfectly  de- 
termined. I he  principal  of  these  ores  are  the  Red  Iron- 
stone, Brown  Ironstone,  Black  Ironstone,  and  Clay  Iron- 
stone. 

Of  Red  Ironstone,  there  are  two  principal  varieties,  the 
Vol.  II.  Q 
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compact  red  ironstone,  tlie  fracture  of  which  is  even  ; and 
the  haematite,  the  fracture  ot  which  is  fibrous,  the  fibics 
being  straight,  parallel,  or  diverging.  The  former  occurs 
generally  massive,  or  in  detached  masses,  nodular,  or  sta- 
lactitic,  the  latter  almost  always  in  globular  or  kidney-shap- 
ed masses,  stalactitic  or  botryoidal.  The  colour  of  both 
is  intermediate  between  brownish-red  and  steel-grey  ; but 
in  the  streak,  and  in  powder,  always  blood-red.  Their 
specific  gravity  is  from  3.5  to  5.  Brown  ironstone  is  dis- 
tinguished from  the  red,  principally  by  the  coloui  being 
brown  in  the  mass,  and  in  the  streak  yellow,  or  yellowish- 
brown.  Of  it,  too,  there  are  two  principal  varieties,  dis- 
tinguished by  the  fracture,— the  compact  brown  ironstone, 
the  fracture  of  which  is  even  •,  and  the  brown  haematite, 
the  fracture  of  which  is  fibrous,  the  fibres  being  in  general 
diverging.  The  compact  occurs  massive,  sometimes  in 
masses  of  various  imitative  forms.  The  fibrous  occurs  ge- 
nerally in  masses,  stalactitic,  kidney-shaped,  or  botryoidal. 
The  colour  of  both  is  brown,  of  various  shades  and  inten- 
sities; sometimes  tarnished,  so  as  to  be  iridescent,  with 
a degree  of  lustre  that  is  semi-metallic  ; the  specific  gra- 
vity is  about  3.1<  or  3.5.  The  analysis  of  these  has  not 
been  executed  with  any  accuracy,  but  they  appear  to  con- 
tain, with  oxide  of  iron,  argil,  lime,  and,  as  has  been 
supposed,  oxide  of  manganese.  They  yield  from  40  to 
60  of  iron,  in  general  of  excellent  quality,  from  100  of 
pi  c.  With  these  are  connected  the  less  important  varie- 
ties of  Scaly  Iron  Ore,  and  of  Iron  Ochre the  former 
generally  incrusting  the  other  ores  ot  the  species,  oi 
Tn'r  their  cavities,  and,  being  composed  of  scaly  particles.. 
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which  have  a shining  lustre,  soil,  and  feel  unctuous  ; the 
latter  being  earthy  and  little  indurated,  of  a red  or  yel- 
lowish-brown colour,  dull,  and  staining  the  finger. 

Black  Ironstone,  like  the  fed  and  brown,  comprises 
two  principal  varieties,— the  compact,  and  the  fibrous  or 
black  haematite.  Its  colour  is  bluish-black,  or  dark  steel- 
grey,  with  a semi-metallic  lustre.  It  occurs  massive,  and 
in  tuberose,  kidney-shaped,  and  botryoidal  pieces.  Its 
composition  is  not  known,  but  it  is  supposed  to  contain  a 
large  proportion  of  oxide  of  manganese. 

Argillaceous  Iron  Ore,  or  Clay  Ironstone,  comprises  a 
series  of  ores,  in  which  oxide  of  iron  is  mixed  with  a larnre 

O 

proportion  of  argil  or  clay,  the  limits  of  which  are  not 
easily  marked,  as  they  pass  into  each  other.  The  common 
argillaceous  ironstone  occurs  massive,  generally  in  beds 
or  strata.  Its  colour  is  grey,  of  different  tints,  which 
passes  into  various  shades  of  a yellowish  or  reddish-brown, 
especially  from  exposure  to  the  air ; it  has  no  lustre, 
and  is  perfectly  opaque  ; its  fracture  is  earthy  •,  some- 
times even ; sometimes  inclining  to  slaty  ; it  is  soft,  feels 
meagre,  adheres  a little  to  the  tongue  j its  specific  gravity 
is  about  3.3  or  3.4.  It  consists  of  oxide  of  iron,  clay,  with 
portions  of  lime  and  silex  ; and  affords  from  30  to  40  of 
iron  in  100,  of  good  quality.  Nodular  Ironstone,  reni- 
form  iron  ore,  or  eagle  stone,  belongs  to  this  species  ; it 
occurs  in  rounded  masses,  sometimes  spherical,  generally 
somewhat  oblate,  or  approaching  to  the  kidney  form  ; 
composed  of  concentric  lamellar  concretions,  and  some- 
times inclosing  a nodule  slightly  adhering  or  quite  loose. 
Pisiform  Iron  Ore  is  a similar  variety,  in  small  rounded 
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grains,  whence  its  name ; of  a yellowish-brown  colour, 
having  an  earthy  fracture,  with  little  coherence.  It  has 
been  analysed  by  Vauquelin,  and  gave  30  of  iron,  18  ol 
oxygen,  '31  of  argil,  15  of  silex,  and  6 of  water. 

Sparry  Iron  Ore  is  a species  well  determined  from  its 
chemical  relations.  It  consists  of  oxide  of  iron,  oxide  of 
manganese,  and  carbonate  of  lime.  The  proportions  , 
vary,  and  the  carbonate  of  lime  augments  in  some  varieties 
so  much,  that  they  are  placed  among  the  calcareous  fos- 
sils, forming  the  Pearl  Spar  •,  and  it  is  only  when  the  pro- 
portion of  metallic  matter  is  abundant,  that  it  is  regarded 
as  an  iron  ore.  It  occurs  massive,  disseminated,  and  crys- 
tallized ; the  forms  of  its  crystals  being  the  rhomb,  per- 
fected or  truncated,  the  lens,  the  octaedron,  and  the  oo- 
decaedron.  Its  colour  is  white,  grey,  yellow,  or  brown  -, 
but  what  is  a peculiar  property  ol  it,  the  colour  darkens 
from  exposure  to  the  air  : it  thus  becomes  brown,  and  at 
length  black,— a change  owing  to  the  manganese  existing 
in  it  in  a low  state  of  oxidizement,  and  absorbing  oxygen 
from  the  atmosphere  •,  its  lustre  is  pearly  •,  it  is  translucent 
on  the  edges:  its  fracture  is  foliated : its  fragments  are 
rhomboidal  •,  it  is  harder  than  calcareous  spar,  so  as  to 
scratch  it j its  specific  gravity  is  from  3.6  to  3.8  ; it  is  so- 
luble with  effervescence  in  acids.  It  blackens  bcfoic  the 
blowpipe,  and  loses  weight.  Analysed  by  Bergman,  it 
afforded  in  different  specimens,  from  22  to  38  ol  oxide  ol 
iron,  from  24  to  28  of  oxide  of  manganese,  from  19  to  24 
of  lime,  from  10  to  17  of  carbonic  acid,  and  from  9 to  6 
of  water.  Descostils  has  found  magnesia  in  it.  It  is  con- 
sidered as  affording  the  iron  best  adapted  to.the  niaiiufac 
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Oxide  of  iron  deposited  from  water,  holding  it  in  solu- 
tion, and  stagnant  in  swampy  situations,  forms  Bog  or 
Swamp  Iron  Ore,  which  is  in  different  degrees  of  indura- 
tion, in  masses  which  are  corroded,  cellular,  and  some- 
times tuberose,  of  a yellow  or  brown  colour,  dull,  and 
earthy.  With  oxide  of  iron,  those  ores  have  been  sup- 
posed to  contain  argil,  silex,  and  phosphoric  acid.  Vau- 
quelin,  with  these  ingredients,  discovered  in  them  lime, 
magnesia,  manganese,  and  chrome.  Blue  Iron  Earth  is 
probably  of  similar  origin,  as  it  is  associated  with  bog  iron 
ore,  and,  according  to  Haiiy,  consists  of  oxide  of  iron, 
with  argil,  and  a little  phosphoric  acid  though  Vauquelin 
found  in  it  only  oxide  of  iron,  argil,  and  silex.  It  is  at 
first  of  a white  colour,  but  becomes  blue  from  exposure  j 
is  loose  and  friable,  without  any  lustre.  Green  Iron  Earth 
has  likewise  been  supposed  to  consist  of  iron  and  phospho- 
ric acid.  It  is  earthy,  more  or  less  coherent,  of  a green 
colour,  without  lustre.  An  ore  of  this  family,  in  which 
the  presence  of  phosphoric  acid  is  less  ambiguous,  has 
been  analysed  by  Vauquelin,  and  was  found  to  consist  of 
27  of  phosphoric  acid,  31  of  oxide  of  iron,  and  42  of 
manganese.  And  iron  mineralized  by  phosphoric  acid 
alone,  has  also  been  discovered  to  be  a natural  production, 
forming  a mineral  of  a deep  blue  colour,  in  small  plates 
adhering  slightly,  the  surface  of  which  is  brilliant ; they 
are  translucent,  but  some,  apparently  from  the  loss  of  wa- 
ter they  contain,  are  opaque.  The  specific  gravity  is  2.6. 

Iron  mineralized  by  arsenic  acid,  forms  an  ore,  former- 
ly regarded  as  an  arseniate  of  copper.  It  occurs  massive, 
but  generally  crystallized  in  small  cubes,  smooth,  and  high- 
ly shining,  the  lustre  being  adamantine  the  colour  is  a 
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dark  green,  sometimes  with  a brown  or  yellowish  tinge. 
The  crystals  are  translucent.  The  fracture  is  imperfect  fo- 
liated ; the  specific  gravity  3000.  Analysed  by  Chenevix, 
this  species  was  found  to  consist  of  31  arsenic  acid,  45.5 
oxide  of  iron,  9 oxide  of  copper,  4 silex,  and  16.5  of  wa- 
ter. The  copper  he  regards  as  accidental,  not  essential  to 
the  composition.  Another  was  discovered,  however,  in 
which  it  was  more  constant,  and  in  larger  proportion,  the 
proportions  being  33.5  arsenic  acid,  27.5  oxide  of  iron, 
22.5  oxide  of  copper,  3 of  silex,  and  12  of  water.  This 
species  occurs  in  minute  crystals,  ot  a faint  sky-blue  colour; 
perfectly  transparent,  and  of  very  high  lustre,  and  general- 
ly grouped  irregularly,  sometimes  united  so  as  to  assume 
a mammillary  form. 

Sulphate  of  Iron  sometimes  occurs  in  tuberose  or  sta- 
lactitic  masses ; sometimes  in  capillary  crystals,  in  imper- 
fect rhombs,  or  in  octaedrons ; of  a green  colour,  easily 
recognised  by  its  solubility  in  water,  its  astringent  taste, 
and  the  usual  chemical  tests  ol  the  salts  of  iron. 

Iron,  in  combination  with  sulphur,  forms  a well-defined 
species,  that  known  under  the  name  ot  Pyrites.  It  occurs 
massive,  disseminated,  and  frequently  crystallized ; the 
forms  of  its  crystals  arc  various,  but  the  most  common  is 
the  cube  regular  or  modified  by  truncation  of  the  angles 
or  edges,  or  aeumination  of  three  planes  on  the  angles. 
Its  colour  is  brass  yellow,  and  the  lustre  is  always  fully  me- 
tallic ; it  is  opaque.  The  fracture  is  uneven.  It  is  brittle  ; 
its  hardness  is  such  ns  to  strike  fire  with  steel ; its  specific 
gravity  is  from  4. 6 to  4.3.  By  friction  it  exhales  a sul-r 
phureous  smell.  This  odour  is  strong  when  it  is  heated 
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before  the  blowpipe  ; it  gives  also  a blue  flame.  Various 
analyses  of  it  kave  been  given ; according  to  those  execut- 
ed by  Hatchet,  it  consists  of  52  ol  sulphur,  \Vith  48  ol 
iron. 

Besides  this  Common  Pyrites,  there  arc  some  others, 
varieties  of  the  species,  differing  principally  in  structure 
or  form.  The  Striated  or  Radiated  Pyrites  presents  a 
striated  fracture,  the  striae  being  generally  diverging.  Ca- 
pillary Pyrites  occurs  in  delicate  capillary  crystals,  grouped, 
parallel,  diverging,  or  interwoven,  slightly  flexible,  having 
a metallic  lustre,  and  a colour  passing  from  yellow  to  steel- 
grey.  Hepatic  Pyrites  is  so  named  from  the  liver-brown 
colour  which  it  assumes  from  exposure  to  the  air.  It 
occurs  massive,  of  various  imitative  forms,  and  crystallized 
in  six-sided  prisms,  or  six-sided  pyramids  ; has  less  lustre 
than  the  others,  and  is  more  subject  to  decomposition. 

Magnetic  Pyrites,  distinguished,  as  the  name  implies, 
by  its  magnetic  quality,  has  been  considered  as  forming  a 
distinct  species.  Its  colour  is  deeper,  being  intermediate 
between  brass-yellow  and  copper-red,  and  approaching  to 
brown,  often  tarnished  ; its  lustre  is  inferior,  but  is  still 
metallic.  It  occurs  only  massive  or  disseminated.  Its 
fracture  is  compact ; it  is  hard  and  brittle ; its  specific 
gra/ity  is  4.5.  From  Mr  Hatchet’s  analysis  of  it,  it  dii- 
fers  from  the  other  iron  pyrites,  in  containing  a larger 
proportion  of  metal,  the  proportions  ol  its  constituent 
parts  being  36.5  of  sulphur,  and  63.5  ol  iron. 

There  has  been  much  difference  of  opinion  among  che- 
mists, with  regard  to  the  state  of  the  metal  in  iron  pyrites, 
whether  it  is  oxidized  or  not.  Vaiujuelin  affirmed,  in  con- 
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formity  to  an  opinion  that  had  been  before  maintained, 
that  the  iron  in  pyrites  is  oxidized  nearly  to  the  point  at 
which  it  is  easily  soluble  in  acids.  Proust,  on  the  contra- 
ry, asserts,  that  in  pyrites  the  iron  is  entirely  in  the  me- 
tallic state  : when  subjected  to  distillation,  sulphur  only 

was  afforded  ; and  the  residual  matter,  he  inferred  from 

/ % 

its  resemblance  to  the  artificial  sulphuret,  did  not  contain 
oxygen.  The  opinion,  that  the  iron  in  pyrites  is  in  its 
metallic  state,  is  confirmed  by  the  result  of  Mr  Hatchet’s 
analyses. 


Sect.  VII. — Of  Ores  of  Lead. 

Lead  occurs  principally  mineralized  by  different  acids, 
and  by  sulphur. 

Carbonate  of  Lead,  the  White  Lead  Ore  of  mineralo- 
gists,. is  presented  under  different  forms, — earthy,  indu- 
rated and  crystallized.  In  the  last  state,  it  appears  under 
the  forms  of  the  hexaedral  prism,  the  tetraedral  prism, 
the  double  hexaedral  pyramid,  the  four  and  the  six  sided 
table ; and,  in  acicular  crystals,  aggregated,  and  inter- 
secting each  other.  The  surface  of  the  crystals  is  highly 
shining,  the  lustre  being  adamantine ; the  colour  generally 
white,  sometimes  grey,  yellowish,  or  brown  •,  they  are 
transparent,  or  translucent ; are  brittle  and  solt,  so  as  to 
be  easily  scratched  by  the  knife.  rl  he  specific  gravity  is 
from  6 to  7.  When  massive,  it  has  less  lustre  and  tians- 
parcncy.  Lrgul  by  the  fiame  of  the  blowpipe,  it  decicr 
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pitates,  becomes  yellow  or  red,  and  melts  into  a metallic 
globule.  It  effervesces  with  acids,  and  in  diluted  nitric 

o 

acid  is  completely  dissolved.  Its  composition  varies  with 
regard  to  the  proportions  of  its  constituent  parts ; and  it 
often  contains  variable  quantities  of  oxide  of  iron,  argil, 
silex,  and  lime.  A specimen  of  it,  pure,  was  found  by 
Klaproth  to  be  composed  of  77  of  lead,  5 of  oxygen,  16 
of  carbonic  acid,  and  2 of  water. 

Earthy  Lead  Ore,  which  occurs  friable  or  indurated,  of 
a grey  colour,  of  various  shades  and  intermixtures,  with- 
out lustre  or  transparency,  appears  to  be  a mixture  of 
carbonate  of  lead  with  various  earthy  matters.  When 
associated  with  an  ochrey  earth,  so  as  to  assume  a red  co- 
lour, it  has  been  named  Native  Minium.  Black  Lead  Ore 
appears  to  be  carbonate  of  lead,  altered  probably  by  the 
action  of  sulphur,  or  by  intermixture  with  it,  especially 
as  it  is  found  generally  incrusting  the  native  sulphuret, 
and  is  itself  incrusted  by  the  carbonate.  A lead  ore, 
which  occurs  crystallized  in  cubes  similar  in  appearance  to 
carbonate  of  lead,  but  being  softer,  and  having  less  specific 
gravity,  was  found  by  Chenevix  to  contain  both  carbonic 
and  muriatic  acid. 

Lead  occurs  mineralized  by  sulphuric  acid.  This  ore  is 
always  crystallized  ; the  form  of  the  crystals  being  the 
octaedron,  modified  by  truncation  or  bcvelnient.  Its  co- 
lour is  white,  with  shades  of  grey  •,  the  crystals  arc  trans- 
parent, or  semi-transparent ; their  lustre  shining  and  ada- 
mantine ; the  fracture  compact ; th e-specific  gravity  6.300. 
It  does  not  effervesce  with  acids,  and  is  not  soluble  in  ni- 
tric acid.  According  to  Klaproth’s  analysis,  it  consists  of 
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oxide  of  lead  71,  sulphuric  acid  24.S,  water  2,  oxide  of 
iron  1. 

Native  Phosphate  of  Lead  is  a common  ore.  Its  usual 
colour  is  green,  of  various  shades ; but  it  passes  through 
yellowish-green  into  pure  yellow.  It  occurs  in  general  in 
an  incrustation,  often  mammillary  or  botryoidal,  composed 
of  minute  crystals,  more  or  less  aggregated,  the  form  of 
which  is  the  hexaedral  prism,  truncated  or  acuminated, 


and  the  hexaedral  pyramid.  They  have  a waxy  lustre, 
and  are  translucent  •,  the  fracture  is  uneven  ; it  is  brittle 
and  soft.  The  specific  gravity  is  from  6.2  to  6.9.  It  does 
not  decrepitate  before  the  blowpipe,  but  becomes  white, 
and  melts  easily  into  a globule  of  a grey  colour,  without 
the  lead  being  reduced.  It  does  not  effervesce  with  nitric 
acid,  but  is  dissolved  by  it.  It  was  found  by  Klaproth  to 
consist  of  oxide  of  lead,  in  various  specimens,  from  78  to 
80,  phosphoric  acid  18  or  19,  muriatic  acid  1.5  or  1.7, 
and  a minute  trace  of  oxide  of  iron.  A variety  of  this  spe- 
cies, named  Brown  Lead  Ore,  occurs  massive,  and  crystal- 
lized in  hexaedral  prisms,  having  a waxy  lustre,  and  opaque : 
it  has  been  found  by  Klaproth  to  consist  of  oxide  of  lead 


78.58,  phosphoric  acid  19.73,  muriatic  acid  1.65. 

Fourcroy  has  given  the  analysis  of  a lead  ore,  which 
occurs  in  mammillary  masses  of  a yellowish-green  colour, 
containing  both  phosphoric  and  arsenic  acid,  with  a little 
oxide  of  iron.  Lead,  too,  occurs  mineralized  by  arsenic 
acid  alone.  Its  colour  is,  green,  which  passes  to  yellow; 
it  occurs  in  acicular  or  capillary  crystals,  and  ul  o 1 as‘ 
Another  variety  of  native  arseniate  of  lead,  "ith  an 
mixture  of  iron,  occurs  in  uniform  masses  of  a lou^h  siu 
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face  and  yellow  colour,  opaque  and  dull.  These  are  all 
distinguished  by  the  strong  arsenical  odour  they  give  when 
heated  on  charcoal  by  the  blowpipe. 

Yellow  Lead  Ore  is  a species,  in  which  the  lead  is  mi- 
neralized by  a metallic  acid, — the  Molybdic  Acid.  It  oc- 
curs massive,  more  commonly  in  small  crystals,  the  forms 
of  which  are  rectangular  tables  of  four  or  of  eight  sides 
bevelled,  the  cube,  octaedron,  and  double  eight-sided  py- 
ramid. Its  colour  is  wax-yellow,  and  its  lustre  waxy ; it 
is  translucent,  is  soft,  and  easily  broken.  It  decrepitates 
before  the  blowpipe,  and  melts  into  a globule  of  a grey 
colour,  in  which  are  disseminated  particles  of  metallic 
lead ; is  insoluble  in  nitric  acid.  It  consists  of  oxide  of 
lead  58.40,  molybdic  acid  38,  oxide  of  iron  2.08,  and 
silex  0.28. 

Chromate  of  lead  may  be  noticed  under  the  ores  of 
chrome. 

Lead,  mineralized  by  sulphur,  forms  the  most  abundant 
ore  of  the  metal,  that  named  Galena.  It  occurs  massive, 
disseminated,  incrusting,  in  corroded  or  reticulated  masses, 
in  grains,  and  crystallized.  The  forms  of  its  crystals  are 
the  cube,  the  octaedron,  the  tetraedral  prism,  the  hexae- 
dral  prism,  and  the  three-sided  table,  all  perfect  or  mo- 
dified Ijy  truncation,  acumination,  or  bevclment.  Its 
colour  is  bluish  or  lead-grey,  sometimes  inclining  to 
black,  and  sometimes  iridescent  on  the  surface.  Its 
lustre  is  splendent  and  completely  metallic ; it  is  perfectly 
opaque;  its  fracture  is  distinctly  foliated,  in  one  variety 
compact ; its  fragments  of  a cubical  form  : it  is  soft,  so  as 
to  be  easily  scratched ; it  is  also  easily  frangible  ; its  spo- 
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cific  gravity  is  from  7 to  7.7.  It  decrepitates  before  the 
flame  of  the  blowpipe,  melts,  exhales  a sulphureous  odour, 
and  affords  a globule  of  lead.  The  proportions  of  lead 
and  sulphur  vary  considerably  that  of  the  lead  is  from  50 
to  83,  of  the  sulphur  from  10  to  25.  It  always  contains 
too  a small  quantity  of  silver  ; and  frequently  iron,  silex, 
and  lime. 


Sect.  VIII.— Of  Ores  of  Tin. 

Tin  occurs  in  nature  principally  in  the  state  of  oxide, 
and  in  smaller  quantity  in  that  of  sulphuret. 

Native  oxide  of  tin,  or  1 instone,  occurs  massive,  disse- 
minated, and  frequently  crystallized.  T he  forms  of  its  crys- 
tals are  numerous,  in  general  complicated  and  imperfectly 
marked.  Its  usual  colour  is  brown,  of  various  shades,  its 
lustre  is  shining,  and,  externally  in  the  crystals,  is  highly 
splendent ; when  of  a dark  colour,  it  is  opaque  ; when  of 
a lighter  shade,  translucent,  or  semi-transparent  •,  its  fiac- 
tu re  is  uneven  ; it  is  hard  and  brittle  ; its  specific  gravity 
is  from  6.3  to  6.3.  It  decrepitates  before  the  blowpipe, 
arid,  when  heated  on  charcoal,  is  reduced.  The  propor- 
tions of  its  parts  vary  little.  A specimen  analysed  by  Kla- 
proth, gave  77.5  of  tin,  0.25  of  iron,  21.5  of  oxygen, 
and  0.75  of  silex. 

Wood  Tin  Ore,  being  an  oxide  of  tin,  may  probably 
be  regarded  as  a sub-species  j though,  as  Klnpi  oth  disco- 
vered in  it  likewise  iron  and  arsenic,  it  may  peihaps  fonu 


ORES  OF  TIN. 


233 


a species.  It  is  found  only  in  small  rolled  pieces  or  frag- 
ments, and  lias  a distinctly  fibrous  fracture,  whence  its 
name  has  been  derived.  Its  colour  is  brown  ; its  lustre 
glistening  ; it  is  opaque,  hard,  brittle,  and  has  a specific 
gravity  of  6.456.  It  is  not  reduced  before  the  blowpipe. 

Tin  mineralized  by  sulphur,  with  copper  and  a little 
iron,  forms  Tin  Pyrites.  It  occurs  massive  or  disseminat- 
ed ; its  colour  is  steel-grey,  passing  into  yellowish-grey  ; 
its  lustre  is  metallic  and  shining,  or  glistening ; it  is  opaque  •, 
its  fracture  is  uneven  ; it  is  semi-hard,  brittle,  and  has  a 
specific  gravity  of  4.350.  It  is  composed  of  25  of  sulphur, 
34-  of  tin,  36  of  copper,  and  two  of  iron. 


Sect.  IX. — Of  Ores  of  Zinc. 

/itsrc  is  mineralized  by  oxygen,  carbonic  acid,  sulphu- 
ric acid,  and  sulphur. 

Its  most  abundant  ore,  Calamine,  occurs  earthy,  or  with- 
out much  induration,  sometimes  more  highly  indurated, 
of  a compact  or  striated  texture,  forming  different  varie- 
ties. It  is  massive,  often  cellular  or  corroded,  or  botry- 
oidal,  sometimes  in  minute  crystals,  forming  a drusy  in- 
crustation. Its  colour  is  white,  but  with  various  shades 
of  yellow  ; it  is  dull,  translucent;  the  crystals  are  nearly 
semi-transparent ; the  earthy  is  opaque.  Its  specific  gra- 
vity is  from  3.5  to  4.  It  has  the  property  of  becoming 
electric  by  heat ; when  heated  before  the  blowpipe,  it  be- 
comes white,  but  is  not  reduced.  Some  varieties  efler- 
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vesce  with  acids  ; others  do  not ; they  dissolve  in  the  ni- 
tric acid,  forming  a solution  of  a gelatinous  consistence. 
The  composition  varies  much.  Some  varieties  appeal-  to 
be  composed  only  of  oxide  of  zinc  and  silex,  with  or  with- 
out water.  Thus  Klaproth  found  a specimen  to  consist  of  66 
of  oxide  of  zinc  and  33  of  silex  ; and  Pelletier  another,  ot 
oxide  of  zinc  36,  silex  52,  and  water  12.  More  generally, 
however,  carbonic  acid  is  present,  and  then  the  silex  is 
wanting.  Mr  Smithson  analysed  several  of  these  varieties, 
and  found  the  proportions  to  be  about  65  of  oxide  of  zinc, 
and  35  of  carbonic  acid;  in  some,  water  was  present. 
Perhaps  calamine  properly  forms  two  species,  the  one  car- 
bonate of  zinc,  the  other  oxide  of  zinc  with  silex.  It  is 
the  latter  which  forms  a gelatinous  solution  with  acids, 
and  becomes  electric  by  heat. 

Sulphate  of  zinc  sometimes  occurs  with  the  sulphuret, 
tuberose  or  stalactitic,  of  a greyish  colour,  and  translu- 
cent ; and  distinguished  by  its  solubility  in  water,  and  its 
styptic  taste. 

Blende,  or  native  sulphuret  of  zinc,  presents  several  diver- 
sities in  appearance.  From  difference  ol  colour,  three  sub- 
species have  been  formed,  the  yellow,  the  brown,  and  the 
black  ; of  which  the  brown  is  the  most  common.  Its  colour  is 
brown,  with  shades  of  yellow  and  red,  and  often  tarnished  ; 
its  lustre  is  splendent  inclining  to  resinous  ; it  is  more  or 
less  translucent ; its  fracture  is  foliated,  sometimes  fibrous; 
it  is  semi-hard,  brittle,  and  has  a specific  gravity  of  from 
3.7  to  4'.  It  occurs  massive  and  disseminated,  and  often 
crystallized  ; the  forms  of  its  crystals  being  both  numerous 
and  complicated.  Yellow  blende  has  a yellow  colour  o( 
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various  shades,  passing  into  green  or  into  red  ; its  lustre 
is  rather  greater,  and  is  adamantine ; and  when  the  co- 
lour is  light,  it  is  semi-transparent.  Black  blende  has  a 
black  colour  with  a shade  of  brown  or  red ; its  lustre  is 
metallic  ; its  fracture  foliated  ; it  is  opaque  or  translucent 
on  the  edges.  Blende,  in  addition  to  zinc  and  sulphur, 
contains  generally  iron,  and  often  silex,  argil,  water,  and 
sometimes  lead,  arsenic,  silver,  or  copper.  The  yellow 
variety,  according  to  Bergman,  contains  fluoric  acid. 
The  proportion  of  zinc  is  from  45  to  65,  and  of  sulphur 
from  17  to  30.  The  metal  has  been  supposed  to  exist  in 
the  ore  as  an  oxide,  but  it  appears  rather  to  be  in  the  me- 
tallic form. 


Sect.  X. — Of  Ores  of  Nic7cel. 

I 

Nickel  occurs  alloyed  with  arsenic,  and  a little  6ulphur; 
and  in  the  state  of  oxide.  The  first  species,  the  Kupfer- 
nickel  of  mineralogists,  is  the  most  abundant.  It  occurs 
massive  and  disseminated  its  colour  is  copper  red,  of  va- 
rious shades  ; its  lustre  is  weakly  shining  and  metallic ; it 
is  perfectly  opaque ; its  fracture  is  uneven  ; it  is  hard  and 
not  easily  broken ; its  specific  gravity  is  from  6.6  to  7.5. 
Before  the  flame  of  the  blowpipe,  it  gives  arsenical  vapours, 
and  melts  with  difficulty.  It  dissolves  in  acids,  giving  a 
green  solution.  Bergman  found  it  to  be  composed  of  nic- 
kel, iron,  cobalt,  arsenic,  and  sulphur.  Vauquelin  re- 
gards it  as  an  alloy  of  nickel  and  arsenic,  the  others  be- 
ing accidental. 
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Oxide  of  nickel  occurs  generally  as  an  incrustation,  some- 
times disseminated,  of  a friable  texture  and  earthy  appear- 
ance ; of  ah  apple-green  colour,  without  lustre.  Its  solu- 
tion in  acids  is  of  a green  colour.  It  occurs  generally  with 
kupfer-nickel,  or  with  certain  cobalt  ores. 


Sect.  XI. — Of  the  Ores  of  Cobalt . 

The  ores  of  cobalt  are  distinguished  by  giving  to  borax, 
when  fused  with  it  by  the  blowpipe,  a blue  coloui,  and 
forming,  when  dissolved  in  nitric  acid,  a solution  which 
becomes  green  from  heat. 

White  Cobalt  Ore  is  an  alloy  of  cobalt  and  arsenic,  with 
a little  sulphur,  and  in  some  specimens  a little  iron,  the 
two  latter  being  probably  accidental.  Its  colour  is  tin- 
white,  liable  to  tarnish,  and  thus  to  assume  a grey  or  red- 
dish tinge  •,  its  lustre  is  weakly  shining  and  metallic.  It  oc- 
curs massive  and  disseminated,  of  various  imitative  shapes, 
and  crystallized  in  cubes,  and  in  octaedrons;  the  fiactuie 
is  uneven  ; it  is  hard  and  brittle.  Before  the  blowpipe  it 
melts  easily,  and  gives  out  an  arsenical  smoke  and  odoiu  ; 
it  forms  a metallic  globule,  and  gives  to  borax  a blue  co- 
lour. To  this  species  probably  belongs  the  Shining  Cobalt 
Ore,  or  Cobalt  Cdance : the  colour,  lustre,  fracture,  forms 
of  crystallization,  and  the  chemical  characters,  being  the 
same,  and  the  differences  trivial  and  accidental. 

Grey  Cobalt  Ore  appears  to  be  an  alloy  of  cobalt  with 
arsenic  and  iron  ; sometimes  with  small  portions  of  nit  In 
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and  bismuth.  Its  colour  is  light  grey,  but  liable  to  tar- 
nish ; its  lustre  weakly  shining  and  metallic.  It  occurs 
massive  or  disseminated ; its  fracture  is  even  $ it  is  semi- 
hard,  passing  into  hard,  brittle  ; and  has  a specific  gravity 
of  from  5.5  to  7.7.  Exposed  to  the  flame  of  the  blowpipe, 
it  gives  an  arsenical  odour  and  smoke  ; to  borax  it  gives  a 
blue  colour. 

Native  Oxide  of  Cobalt  occurs  in  a loose  form,  or  of  va- 
rious degrees  of  induration,  but  always  dull,  and  earthy  in 
its  fracture,  soft,  and  easily  broken.  It  is  also  oi  different 
colours,  from  the  intermixture  of  oxide  of  iron,  and  per- 
haps other  metallic  oxides  ; whence  varieties,  which  have 
been  regarded  as  the  Black,  Brown,  and  \ ellow  Cobalt 
Ochres.  These  all  give  a blue  colour  to  glass  or  to  borax 
when  fused  with  it,  and  sometimes  exhale  au  arsenical 
odour. 

The  Peach  Bloom  Cobalt  Ore  derives  its  name  from  its 
colour,  which  is  a beautiful  red,  similar  to  that  of  the  peach 
blossom,  passing  however  into  other  shades  of  red,  and 
from  decomposition  into  other  colours.  It  occurs  massive, 
disseminated,  and  in  minute  crystals.  One  variety  has  an 
earthy  fracture,  without  lustre,  and  occurs  generally  as  an 
incrustation;  before  the  blowpipe  both  varieties  lose  their 
colour,  become  grey,  and  give  a weak  arsenical  odour ; 
borax  receives  a rich  blue  colour.  This  species  lias  not 
been  accurately  analysed,  but  it  is  considered  as  an  arse- 
niate  of  cobalt. 
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Sect.  XII. — Of  Ores  of  Manga-xese. 

The  principal  ore  of  manganese  is  the  black  oxide. 
There  is  another,  the  Red  Ore,  the  nature  of  which  docs 
not  appear  to  be  well  determined. 

The  Native  Oxide  occurs  massive,  or  in  crystals  of  the 
form  of  rhomboids!  tetraedral  prisms,  or  in  one  variety  oi 
rhombs.  Its  usual  colour  is  steel-grey,  inclining  to  brown 
or  black,  and  varying  in  its  lustre  : when  crystallized,  the 
surface  of  the  crystals  is  generally  shining  •,  when  amor- 
phous, aful  especially  when  the  fracture  is  earthy,  it  is  more 
dull.  Its  texture  is  radiated,  foliated,  compact,  or  earthy. 
The  specific  gravity  varies  from  3.5  to  4.7.  All  the  varie- 
ties have  thctsame  chemical  characters.  They  are  not  melt- 
ed by  the  blowpipe,  but  assume  a brown  colour.  To  bo- 
rax they  communicate  by  fusion  a violet- blue  colour.  With 
sulphuric  acid  they  yield  oxygen  gas,  on  the  application  ol 
a moderate  heat,  and  muriatic  acid  they  convert  into  oxy- 
muriatic  acid.  The  radiated  variety  appears  to  be  a pure 
oxide,  composed,  according  to  Vauquelin’s  analysis,  in 
one  specimen,  of  92.75  of  oxide  of  manganese,  and  7 ol 
water  ; in  another,  of  99.25  of  oxide,  with  0.25  of  water. 
But  there  are  also  frequently  present  oxide  of  iron,  carbo- 
nate oflime,  silex,  and  barytes.  The  earthy  variety  con- 
tains the  largest  proportion  of  oxide  of  iron;  and  what  has 
been  named  Black  Wad,  which  occurs  as  an  earthy  in- 
crustation, consists  of  43  of  oxide  of  manganese,  and  1 > 
of  oxide  of  iron. 
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Oxide  of  manganese,  probably  in  a less  high  state  of 
oxidizement,  combined  with  carbonic  acid,  has  been  con- 
sidered as  the  basis  of  what  is  named  Red  Manganese  Ore; 
though  some  have  considered  the  carbonic  acid  as  not  es- 
sential, and  have  supposed  this  ore  to  be  a compound  of 
oxide  of  manganese  with  silex.  Its  coloui1  is  rose-red,  more 
or  less  pale,  passing,  from  exposure  to  the  air  and  light, 
to  light  }rcllow,  or  even  to  white.  It  has  little  lustre;  oc- 
curs massive  and  disseminated  ; its  specific  gravity  is  3.233. 
Before  the  flame  of  the  blowpipe  it  does  not  melt,  but  ac- 
quires a dark-grey  colour  : to  borax  it  gives,  by  fusion,  fa 
violet  tinge. 


Sect.  XIII. — Of  Ores  of  Arsenic. 

Arsenic  is  found  native,  pure,  or  alloyed  with  other 
metals,  and  combined  with  a little  sulphur  ; and  alsd  mi- 
neralized by  sulphur,  by  oxygen,  and  in  the  state  of  acid 
with  lime. 

Native  arsenic  is  of  a white  colour,  with  a slight  shade 
of  grey,  with  metallic  lustre;  but  it  tarnishes  very  quickly 
on  exposui  c to  the  air,  changing  its  colour,  and  losing  its 
lustre.  It  occurs  massive  and  disseminated ; its  fracture  is 
uneven  ; it  is  semi-hard,  very  brittle,  and  has  a specific 
graw'ty  of  5.6  or  5.7.  It  generally  contains  a portion  of 
iron,  with  sometimes  a little  silver  or  rr0ld. 

Arsenic  alloyed  with  a larger  quaritity  6f  iron,  and  with 
U little  sulphur,  constitutes  the  species  named  Arsenical 
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Pyrites  or  Mispickel.  Its  colour  is  silver-white,  but  it 
quickly  tarnishes,  and  becomes  yellow  and  iridescent  j the 
lustre  of  its  fresh  fracture  is  shining  and  metallic.  It  oc- 
curs massive,  disseminated,  and  often  ciystallizcd  ; the 
forms  of  its  crystals  being,  the  tetraedral  prism,  and  the  oc- 
taedron  very  acute.  Its  fracture  is  uneven ; it  is  hard  and 
brittle  *,  has  a specific  gravity  of  from  5.7  to  6.5.  It  con- 
tains very  little  sulphur,  and,  according  to  Bergman,  from 
a half  to  two-thirds  of  its  weight  of  iron. 

Argentiferous  Arsenical  Pyrites  differs  not  much  from 
the  preceding  species : its  colour  is  silver-white,  w ith  a 
yellow  tarnish,  its  lustre  metallic : with  arsenic  and  iron 
it  contains  a portion  of  silver,  which  varies  from  1 to  10 
hundredth  parts. 

Arsenic,  mineralized  by  sulphur,  forms  two  ores,  named 
Orpiment  and  Realgar.  Realgar  is  of  a red  colour,  in- 
clining to  scarlet,  sometimes  to  orange.  It  occurs  massive, 
disseminated,  afrd  crystallized  in  oblique  tetraedral  or  hex- 
aedral  prisms,  generally  small,  and  translucent,  or  semi- 
transparent, with  a shining  lustre.  It  exhales  before  the 
blowpipe  a white  arsenical  smoke,  with  an  arsenical  and 
sulphurous  odour,  and  gives  a blue  flame.  It  consists  o£ 
arsenic  and  sulphur,  in  the  proportions  ol  80  ol  the  former, 
and  20  of  the  latter.  Orpiment  is  of  a yellow  colour,  with 
a highly  shining  lustre,  is  translucent,  or  semi-transparent 
when  in  thin  leaves.  It  occurs  massive,  and  in  very  minute 
crystals.  Its  fracture  is  distinctly  foliated  ; it  is  soft,  ca- 
pable of  being  cut,  and  somewhat  flexible  : it  exhibits  t ie 
same  appearances  before  the  blowpipe  as  the  red  P 
ret.  It  has  been  supposed  to  differ  from  the  led,  in 
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taining  a much  larger  proportion  of  sulphur.  Others  have 
supposed,  that  in  both  the  arsenic  may  be  oxidized,  and 
that  in  the  yellow  the  degree  of  oxidizement  is  greater  than 
in  the  red.  Thenard  has  lately  inferred,  that  neither  of 
them  contains  oxygen  ; they  are  both  sulphurets,  the  leab 
gar  containing  the  largest  proportion  of  arsenic. 

Native  oxide  of  arsenic  occurs  in  the  form  of  an  incrus- 
tation on  other  ores,  friable  or  little  indurated,  sometimes 
botryoidal,  and  even  in  minute  crystals.  Its  colour  is 
white,  with  shades  of  yellow  or  grey,  dull  and  opaque  j 
when  crystallized,  translucent ; its  taste  is  acrid,  and  it  is 
soluble  in  water. 

Lastly,  arsenic  has  been  discovered  ift  the  state  of  acid 
united  with  lime,  forming  the  ore  named  Pharmacolite. 
This  occurs  as  an  incrustation,  botryoidal,  or  in  capillary 
crystals,  of  a white  colour,  with  sometimes  a shade  of  red, 
translucent  on  the  edges,  and  with  a silky  lustre;  its  frac- 
ture is  striated  or  fibrous  ; it  is  soft,  so  as  to  soil,  and  light, 
the  snecific  gravity  being  2.5  or  2.6.  It  dissolves  in  nitric 
acid  without  effervescence,  and  gives  the  arsenical  odour 
by  the  blowpipe.  It  contains  23  of  lime,  46.5  arsenic 
acid,  0.5  oxide  of  cobalt,  6 argil  and  silex,  22.5  water. 


Sect.  XIV.— Of  Ores  of  Bismuth. 

Bismuth  occurs  native,  mineralized  by  oxygen,  and  by 
■sulphur. 

Native  bismuth  has  nearly  the  properties  of  the  pur® 
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metal.  Its  colour  is  white,  verging  to  red,  aftd  often  tar- 
nished, with  metallic  lustre  •,  its  fracture  is  foliated.  It 
occurs  massive,  disseminated,  sometimes  crystallized,  its 
crystals  being  four-sided  tables,  and  cubes,  generally  small 
and  indistinct.  It  melts  even  in  the  flame  of  a candle.  It 
dissolves  in  nitric  acid,  and  its  solution  is  decomposed  by 
the  affusion  of  water. 

Oxide  of  bismuth  occurs  as  an  incrustation  of  a yellow- 
ish-grey colour,  earthy,  or  when  indurated,  having  an  un- 
even or  foliated  fracture ; dull  when  earthy,  sinning  when 
foliated,  opaque  and  soft. 

Sulphuretted  bismuth  occurs  massive,  disseminated,  and 
in  capillary  crystals,  of  a light  green  colour,  and  shining 
lustre.  It  melts  in  the  flame  of  a candle,  and  w-hen  heat- 
ed, exhales  sulphurous  fumes. 


Sect.  XV. — Of  Ores  of  Antimony. 

I his  mefal  is  found  native,  combined  with  oxygen  and 
muriatic  acid,  and  mineralized  by  sulphur. 

Native  antimony  is  of  very  rare  occurrence.  It  has  the 
usual  characters  of  the  metal,  and  contains  a very  minute 
portion  of  silver  and  iron. 

Antimonial  Ochre,  as  it  has  been  named,  occurs  as  an 
carthy-]jke  incrustation,  of  a straw-yellow  colour,  on  the  sur- 
face of  the  sulphuret,  and  has  been  supposed  to  be  an  oxide. 
Another  ore,  which  appears  to  be  an  oxide  of  more  uni- 
form composition,  is  that  named  White  Antimonial  Ore, 
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occurring  in  acicv-lar  crystals,  grouped  and  divergent,  so  as 
to  form  a stellular  appearance,  and  likewise  in  tables  and  in 
cubes,  of  a snow-white  colour,  silky  lustre,  translucent  and 
soft.  Lampadius  had  assigned  muriatic  acid  as  a constituent 
principle  of  it,  but  both  Vauquelin  and  Klaproth  have 
found  it  to  be  an  oxide  without  any  traces  of  this  add,  its 
composition,  as  stated  by  the  former  chemist,  being  & of 
antimony,  3 of  oxides  of  antimony  and  iron,  and  .8  ol 

silex. 

The  sulphuret  is  the  principal  antimonial  ore.  It  occurs, 
massive,  disseminated,  or  crystallized,  its  crystals  being  aci- 
cular  or  prismatic,  and  often  aggregated.  Its  colour  is 
lead-grey,  frequently  tarnished  or  iridescent  ; its  lustre  is 
shining  and  metallic.  Its  fracture  is  commonly  striated  or 
radiated;  in  one  variety  it  is  foliated,  and  in  another 
small-grained  uneven.  It  melts  easily  before  the  blowpipe, 
and  exhales  fumes  of  sulphur  and  oxide  of  antimony.  Ii 
consists  of  of  antimony,  and  26  of  sulphur.  Plumose 
Grey  Antimonial  Ore  is  a variety  ol  this,  or  pel  haps  a 
distinct  species,  containing,  with  sulphuret  ol  antimony, 
portions  of  arsenic  and  iron,  and  sometimes  a little  silver. 
-It  occurs  generally  in  capillary  crystals. 

Red  Antimonial  Ore  is  probably  a sulphuretted  oxide  ol 
antimony,  its  composition,  as  determined  by  Klaproth, 
being  67.5  of  antimony,  10.8  of  oxygen,  and  19.7  of  sul- 
phur. It  occurs  in  capillary  crystals  ol  a deep  red  colour, 
opaque,  and  shining.  It  melts  before  the  blowpipe,  and 
exhales  in  vapour. 
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Sect.  XVI. — Of  Ores  of  Tellurium, 

This  metal  occurs  chiefly  alloyed  with  other  metals. 

In  its  purest  state  it  forms  an  alloy  formerly  named  Au~ 
rum  Paradoxicum,  the  proportion  of  tellurium  being  90 
in  100  parts,  with  a portion  of  iron  and  gold  varying 
. from  1 to  9 parts.  It  is  massive,  disseminated,  or  in  small 
crystals  of  a white  colour,  and  shining  metallic  lustre,  hav- 
ing a foliated  fracture,  and  a specific  gravity  from  5.7  to 
6.1.  It  melts  before  the  blowpipe,  gives  a white  smoke, 
and  is  oxidized. 

In  the  graphic  gold  ore,  the  portion  of  gold  is  larger, 
and  silver  is  associated  with  it,  the  proportions,  as  deter- 
mined by  Klaproth,  being  69  of  tellurium,  30  of  gold, 
and  10  of  silver.  It  is  usually  crystallized  In  minute  prisms, 
superficially  aggregated  on  quartz  in  a form  giving  the  ap- 
pearance of  letters,  whence  the  name  Graphic  is  applied 
to  it.  Its  colour  is  steel-grey,  its  lustre  metallic,  but  liable 
to  tarnish,  its  fracture  uneven,  its  specific  gravity  5.7.  It 
burns  before  the  blowpipe  with  a green  flame,  and  is  vola- 
tilized. 

In  the  white  or  yellow  sylvanite,  there  is  present  a por- 
tion of  lead,  with  tellurium,  gold,  and  silver.  Its  colour 
is  silver-white,  inclining  to  yellow  ; its  lustre  metallic  its 
fracture  foliated  ; its  specific  gravity  10.6.  It  occurs  disse- 
minated, or  in  minute  crystals. 

In  the  blafck  tellurium  ore,  a number  of  metals  are 
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combined  with  a little  sulphur,  the  composition,  as  stated  by 
Klaproth,  being  tellurium  82,  lead  54,  gold  9,  copper  1.3, 
silver  0.5,  and  sulphur  3.  It  occurs  massive,  and  crys- 
tallized in  six-sided  tables  ; its  colour  is  blackish-grey  ; its 
lustre  metallic ; its  fracture  foliated ; its  specific  gravity 
8.9.  It  melts  before  the  blowpipe,  and  is  partly  volati- 
lized. 


Sect.  XVII.— Of  Ores  of  Chrome. 

Chrome  is  found  in  the  mineral  kingdom  in  the  state 
of  acid  combined  with  oxide  of  lead,  and  in  that  of  oxide 
or  acid  united  with  oxide  of  iron,  forming  two  species. 

Chromate  of  Lead,  the  red  lead  ore  of  mineralogists, 
is  usually  crystallized  in  rhomboidal  four-sided  pi  isms.  Its 
colour  is  aurora  red,  is  lustre  shining  and  adamantine ; it 
is  translucent  *,  its  specific  gravity  is  6.  It  consists  of  64 
of  oxide  of  lead,  and  36  of  chromic  acid. 

The  second  species  occurs  massive,  is  of  a dark-brown 
colour,  dull,  and  opaque  ; hard,  difficult  to  break,  and 
has  an  uneven  fracture  j its  specific  gravity  is  4.  It  con- 
sists of  oxide  of  chrome  55.5,  oxide  of  iron  33,  argil  6, 
silex  2,  and  3.5  of  loss.  It  appears  to  be  more  extensive- 
ly diffused  than  the  other. 
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Sect.  XVIII. — Of  Ores  of  Molybdena. 

There  is  only  one  ore  of  this  metal, — the-sulphuret.  It 
occurs  massive,  disseminated,  and  sometimes  crystallized 
in  hexaedral  prisms  or  tables.  Its  colour  is  lead-grey,  its 
lustre  is  shining  and  metallic,  its  fracture  is  foliated  ; and 
it  is  easily  split  \ it  is  soft,  so  as  to  soil ; it  feels  unctuous. 
Its  specific  gravity  is  from  4 to  4.7.  It  consists,  according 
to  Klaproth  and  Bucholz,  of  60  of  molybdena,  and  40  of 
sulphur. 


Sect.  XIX. — Of  Ores  of  Tungsten. 

The  mineral  named  Tungsten  consists  of  the  oxide  of 

o 

the  metal  to  which  this  name  is  now  appropriated,  with 
lime,  the  proportions,  according  to  D’Elhuyart,  being  68 
of  the  former  with  30  of  the  latter.  It  occurs  massive, 
disseminated,  and  in  octaedral  crystals.  Its  colour  is  yel- 
lowish or  greyish  white  ; its  lustre  shining  and  vitreous ; 
it  is  translucent  or  semi-transparent,  is  soft,  has  a foliat- 
ed fracture,  and  a specific  gravity  from  5 to  6.  Digested 
in  nitric  or  muriatic  acid,  it  affords  a yellow  powder,  which 
is  the  oxide  of  tungsten.  ; 

The  other  species  of  this  genus  is  the  mineral  named 
Wolfram.  It  occurs  massive  and  crystallized  in  broad 
hexaedral  prisms,  or  four-sided  tables.  Its  colour  is  black. 
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its  lustre  weakly  shining ; it  is  opaque  ; its  fracture  is  dis- 
tinctly foliated  ; its  specific  gravity  is  from  6.8  to  7.1.  It 
consists  of  oxide  of  tungsten,  with  oxide6  of  iron  and 
manganese,  the  proportions  of  which  differ  much  in  diffe- 
rent specimens. 


Sect.  XX. — Of  Ores  of  Titanium. 

Under  this  genus  are  placed  several  species,  differing 
much  in  their  external  characters. 

Rutile,  Titanite,  or  Red  Shorl,  is  nearly  a pure  oxide  of 
titanium.  It  occurs  crystallized  in  prisms,  frequently  ca- 
pillary, and  penetrating  quartz  ; its  colour  is  red  or  reddish 
brown  ; its  lustre  shining ; it  is  slightly  translucent ; it  is 
hard  and  brittle,  and  has  a foliated  fracture  ; its  specific 
gravity  is  4.1.  Rntilite,  which  occurs  in  rliomboidal  four- 
sided prisms  of  a reddish-brown  colour,  appears  to  be  a 
variety  of  this,  containing,  with  oxide  of  titanium,  silex 
and  lime. 

Oisanite,  octahedrite,  or  blue  shorl,  is  regarded  by  Vau- 
quelin  as  a pure  oxide  of  titanium,  differing  from  rutile  in 
being  free  from  iron.  It  is  crystallized  in  acute  octahe- 
drons; its  colour  is  blue,  passing  sometimes  into  brown; 
its  lustre  is  shining  and  adamantine ; it  is  translucent 
or  semi-transparent ; its  fracture  is  foliated  ; its  specific 
gravity  3.8. 

Menachanitc  occurs  in  small  irregular  grains  or  sand,  of 
a greyish-black  colour,  opaque,  with  semi-metallic  lustre, 
having  a specific  gravity  pf  4.4,  and  weakly  attracted  by 
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the  magnet.  It  consists  of  oxide  of  iron  51,  oxide  of  ti- 
tanium 45.25,  oxide  of  manganese  0.25,  and  silex  3.5. 
Xigrine  is  perhaps  a variety  of  this  ; it  is  also  in  angular 
grains  of  a brownish-blafck  colour,  with  little  lustre,  and 
opaque  its  specific  gravity  is  4.5  ; it  is  not  attracted  by 
the  magnet  •,  it  consists  of  84  of  oxide  of  titanium,  14 
of  oxide  of  iron,  and  2 of  oxide  of  manganese.  Isenne 
occurs  likewise  in  angular  grains,  of  a black  colour  and 
weak  lustre,  and  opaque,  having  a specific  gravity  of  4.5. 
It  consists  of  oxide  of  titanium  59.1,  oxide  of  iron  30.1, 
and  oxide  of  uranium  10.2. 


Sect.  XXI. — Of  Ores  of  Uranium. 

The  mineral  named  Pechblende  is  the  ore  in  which 
this  metal  was  first  discovered.  It  is  generally  massive,  of 
a black  colour,  with  an  internal  lustre,  shining,  and  resi- 
nous j opaque,  brittle,  and  soft ; having  a specific  gravity 
of  7.5.  It  consists  of  86.5  of  oxide  of  uranium,  with 
6 of  sulphuret  of  lead,  5 of  silex,  and  2.5  of  oxide  of  iron. 

Green  Mica,  or  Micaceous  Uranitic  Ore,  is  oxide  or 
uranium  nearly  pure,  or  mixed  only  with  a little  copper. 
It  occurs  in  thin  leaves,  or  crystallized  in  minute  four- 
sided tables ; its  colour  is  green ; its  lustre  shining,  with 
little  transparency ; its  fracture  is  foliated  j and  it  is  soft 
and  easily  broken. 

Uranitic  ochre  occurs  usually  as  an  incrustation  or  efflo- 
rescence, of  a straw-yellow  colour,  without  lustre,  opaque, 
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soft,  and  friable.  It  is  oxide  of  uranium  nearly  pure, 
containing  sometimes  a little  oxide  of  non. 


Sect.  XXII. -Of  Ores  of  Tantalum. 

The  alloy  of  this  metal  with  iron  and  manganese,  forms 
the  mineral  named  Tantalite.  It  occurs  in  imperfect  oc- 
taedral  crystals  of  a black  colour,  with  an  internal  meta  ic 
lustre  •,  hard  so  as  to  give  sparks  with  steel,  and  having  a 
specific  gravity  of  7.9.  Ittrotantalite  is  composed  of  tan- 
talum,  with  iron  and  a portion  of  the  earth  ittria  ■,  it  is  m 
small  imbedded  masses  of  a black  colour,  with  metallic 
lustre  ; having  a granulated  fracture,  and  a specific  gravity 
of  5.1.  Columbium  being  the  same  as  tantalum,  the 
mineral  in  which  Mr  Hatchet  discovered  that  metal  must 
be  regarded  as  belonging  to  this  genus.  Dr  Wollaston 
has  remarked,  that  in  external  appearance  it  is  perfectly 
similar  to  tantalite  ; and  its  composition  is  the  same. 


Sect.  XXIII.— Of  Ores  of  Cerium. 

There  is  only  one  ore  belonging  to  this  genus,  Cento, 
or,  as  it  was  first  named,  False  Tungsten.  It  occurs  mas- 
sive or  disseminated  •,  ot  a flesh-red  colour,  scmi-tr  anspa- 
.cmt  ; and  having,  in  the  fresh  fracture,  considerable 
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lustre  ; it  is  so  hard  as  to  strike  fire  with  stfcfel ; and  has  a 
specific  gravity  of  from  4.7  to  4.9.  It  consists  of  oxide  of 
cerium  50,  oxide  of  iron  22,  silex  23,  and  5.5  of  carbo- 
nate of  lime. 


CHAP.  IV, 


OF  INFLAMMABLE  MINERALS. 

Under  this  order  are  placed  those  minerals  not  metaP 
he,  which  have  the  property  of  inflammability.  They  ad- 
mit  of  being  arranged  under  three  genera,  resting  on  che- 
mical distinctions.  Sulphur  constitutes  one  genus.  Un- 
der a second  may  be  placed  those  composed  of  carbon 
principally, — the  Diamond,  Plumbago,  and  Coal.  To 
a third  I have  referred  the  Bitumens.  These  consist 
chiefly  of  carbon  and  hydrogen,  forming  a series  in  which 
these  principles  are  combined  in  different  proportions,  the 
hydrogen  being  usually  predominant.  Under  this  genus 
may  piobably  be  placed  amber  and  honey-stone. 


Sect.  I. — Of  Native  Sulphur. 

Suli  hue  occurs  in  the  mineral  kingdom  principally  as 
a volcanic  product,  though  it  is  also  found  not  of  volca- 
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uic  origin.  It  is  usually  pure,  of  its  characteristic  5 ellow 
colour,  semi-transparent,  or  sometimes  transparent,  with 
shining  lustre ; it  occurs  massive,  disseminated,  or  crystal- 
lized, the  form  of  its  crystals  being  the  octahedron  or  do- 
decaedron  under  various  modifications.  It  also  oocurs 
corroded,  vesicular,  in  masses,  and  as  a light  sublimate. 
Its  other  physical  and  its  chemical  properties  are  tfipse  o 
pure  sulphur. 


Sect.  II. — Of  Carbonaceous  Minerals. 

Of  these  the  Diamond  is  the  purest.  From  its  external 
characters,  it  has  been  placed  among  the  earthy  fossils  ; 
but  as  it  is  inflammable,  and  its  nature  perfectly  ascertain- 
ed, it  must,  in  conformity  to  its  chemical  relations,  be 
placed  under  the --present  genus,  though  differing  widely 
from  the  other  substances  with  which  it  is  associated. 

The  Diamond  is  not  met  with  in  its  original  situation, 
but  in  the  beds. of  streams,  or  in  a loose  ferruginous  sand 
beneath  the  soil,  either  in  perfect  crystals,  or  in  fragments 
often  encrusted  with  a hard  coating.  The  usual  forms  arc 
the  octohedron  and  dodecaedron  variously  modified,  and 
generally  imperfect.  It  is  colourless,  or  tinged  of  various 
colours  ; it  is  generally  transparent,  and  has  the  property 
of  single  refraction  •,  its  fracture  is  lamellated,  and  it  can 
be  split  by  striking  it  in  the  direction  of  the  plates.  Its 
hardness  is  such  that  it  is  not  impressed  by  steel.  Its  spe- 
cific gravity  js  from  3500  to  3G00. 
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Plumbago,  or  Graphite,  is  a carburet  of  iron,  the 
proportion  of  the  metal,  in  different  specimens,  being  very 
various.  Graphite  occurs  massive,  or  disseminated ; its  co- 
lour is  black,  or  dark  steel-grey ; its  lustre  weakly  shining 
and  metallic  ; it  is  opaque ; its  fracture  is  compact,  foliated, 
or  slaty ; it  is  soft,  soils  the  fingers,  and  feels  unctuous  ; 
its  specific  gravity  is  from  2.1  to  2.6.  It  burns  with  great 
difficulty,  and  consumes  slowly,  leaving  oxide  of  iron  as  a 
residuum,  frequently  mixed  with  argil  and  silex. 

Coal  consists  essentially  of  carbonaceous  matter,  and 
in  one  variety,  the  blind  coal,  this  is  nearly  pure ; but  in 
the  greater  number  of  the  varieties  of  coal,  there  is  asso- 
ciated with  this  a soft  bituminous  matter,  which  commu- 
nicates to  them  some  peculiar  properties.  Those  which 
contain  much  bitumen  are  highly  inflammable,  take  fire 
readily,  and  burn  with  a bright  flame  $ those  in  which  the 
proportion  of  bitumen  is  less,  and  in  which  the  carbon 
predominates,  burn  less  vividly  j they  require  a higher  heat 
to  kindle  them,  and  burn  without  flame,  or  only  with  a 
red  glow. 

Numerous  varieties  of  coal  exist,  deriving  their  distinc- 
tions partly  from  their  state  of  aggregation,  but  princi- 
pally from  die  proportions  of  their  bitumen  and  carbon. 
The  series  may  be  briefly  described,  as  they  are  connect- 
ed, on  the  one  hand,  with  vegetable  matter,  and  on  the 
other,  with  carbon  not  of  vegetable  origin. 

Blind  Coal,  the  Anthracite  of  mineralogists,  the 
Glance  Coal  of  Werner,  consists  almost  entirely  of  carbon, 
with  a little  earthy  matter  and  iron,  and  forms  the  con- 
nection of  coal  with  plumbago.  It  burns  with  difficulty. 
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without  flame,  without  exhaling  any  bituminous  odour, 
and  without  softening  or  caking  •,  its  colour  is  usually 
black  ; its  lustre  shining,  and  nearly  metallic  ; its  fracture 
slaty  ; its  hardness  such  as  to  yield  easily  to  the  knife ; it 
is  brittle,  and  has  a specific  gravity  of  about  1.5.  It  oc- 
curs often  in  primitive  rocks,  or  in  those  of  transition  in 
imbedded  masses,  in  beds  and  veins ; and  there  appears 
no  reason  to  infer  that  it  is  of  vegetable  origin. 

Black  Coal,  as  it  is  named  by  Werner,  is  the  common 
coal,  of  which  there  are  several  varieties.  That  which  is 
of  a slaty  fracture  is  the  variety  most  abundant  in  this 
country  ; its  principal  fracture  is  slaty,  the  cross  fracture 
small  grained  uneven  ; its  colour  is  black,  frequently  with 
a shade  of  grey  j its  lustre  resinous  ; it  is  soft,  and  has  a 
specific  gravity  of  about  1.25.  It  softens,  cakes,  and  burns 
brightly,  and  leaves,  when  entirely  burnt,  a small  residuum 
of  ashes.  It  contains  a Considerable  proportion  of  bitu- 
men, varying,  however,  so  much  as  from  24  to  40,  with 
from  53  to  70  of  carbon,  and  2 or  3 of  earthy  matter. 
Foliated  coal  approaches  to  the  slaty,  being  distinguished 
by  its  fracture  and  its  greater  lustre ; it  is  softer,  and  ap- 
pears to  contain  more  bitumen.  Columnar  coal  is  so 
named  from  occurring  in  columnar  distinct  concretions, 
and  is  more  rare.  Canncl  coal  is  distinguished  by  its 
smooth  conchoidal  fracture  ; it  1ms  a resinous  lustre  and 
black  colour,  and  burns  at  first  with  a clear  light,  which, 
however,  soon  ceases.  It  contains  about  75  ol  carbon, 
with  22  of  bitumen,  and  3 of  foreign  matter.  Pitch  coal 
has  also  a smooth  conchoidal  fracture ; from  the  closeness 
Vor,  IT.'  8 
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of  its  texture  it  takes  a polish,  and  forms  what  is  named 
Jet. 

Brown  Coal  occurs  massive,  having  an  imperfect  con- 
choidal  fracture,  sometimes  fibrous  and  woody,  soft  and 
light  ; it  burns  with  a blue  flame,  and  gives  a smell  like 
bituminous  wood ; it  occurs  with  some  of  the  following 
varieties,  in  alluvial  land : it  contains  little  bitumen.  Con- 
nected with  this  is  what  is  named  Earthy  Bituminous 
Wood,  or  Earthy  Coal,  which  is  found  of  a loose  consis- 
tence, nearly  earthy,  dull,  of  a blackish-brown  colour, 
light  and  soft.  The  last  of  the  series,  or  that  most  evi- 
dently of  vegetable  origin,  is  Bituminous  Wood.  The 
ligneous  texture  is  very  distinctly  marked,  and  even  the 
external  shape  of  the  branches  and  steins  of  trees,  and  the 
annual  rings  of  the  wood,  are  distinctly  preserved,  so  as  to 
resemble  wood  imperfectly  charred.  Its  colour  is  brown, 
of  different  shades  ; it  is  opaque,  with  little  lustre  ; has 
little  density  or  hardness,  and  is  so  light  as  nearly  to  float 
on  water.  It  burns  with  a clear  flame,  and  with  a bitumi- 
nous odour,  and  leaves  a small  quantity  of  white  ashes, 
similar  to  those  from  wood. 

Coal,  excluding  the  anthracite  or  blind  coal,  is  evident- 
ly of  vegetable  origin.  We  trace  in  it  the  gradation  from 
bituminated  wood  ; we  often  discover  in  its  varieties  the 
ligneous  structure,  and  even  the  remains  of  plants  ; and 
its  chemical  composition  agrees  with  that  of  vegetable 
matter.  It  is  difficult,  however,  to  determine  in  what 
manner  it  has  been  formed,  or  by  what  operations  the 
vegetable  matter  from  which  it  is  originated,  has  been  so 
far  modified  as  to  have  assumed  the  properties  under  which 
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it  exists.  The  discussion  of  this  subject  is  intimately  con- 
nected with  geological  speculation  ■,  for  the  opinion  which 
is  adopted  must  be  in  conformity  to  the  general  theory 
which  is  held  with  regard  to  the  structure  of  the  globe.  It 
is  accordingly  maintained  in  one  geological  system,  that  it 
derives  its  origin  from  vegetable  matter  which  had  been 
exposed  under  compression  to  subterranean  heat ; while 
in  another  it  is  supposed  to  have  been  formed  from  vege- 
table matter  suffering  slow  decomposition  under  water,  or 
at  least  in  a state  of  humidity,  by  which  its  oxygen  and 
hydrogen  had  been  in  a great  measure  withdrawn,  and  its 

carbonaceous  base  left  predominant.  The  merits  of  either 

♦ 

theory  must  rest  on  those  of  the  more  general  systems 
with  which  they  are  connected. 

The  bituminous  part  of  coal  is  separated  from  the  car- 
bonaceous part  by  the  application  of  heat.  We  perceive 
this  separation  in  its  combustion  in  a common  fire ; the 
coal,  when  first  kindled,  swelling  and  softening,  exhaling 
a kind  of  bitumen,  and  burning  with  smoke  and  light ; 
while,  after  a certain  period,  these  appearances  cease,  and 
it  burns  only  with  a red  light.  The  separation  is  effected 
more  completely  by  the  application  of  heat  in  close  vessels  ; 
the  bitumen  is  melted  out,  and  there  are  disengaged  a large 
quantity  of  ammonia,  partly  in  the  state  of  carbonate  with 
a quantity  of  empyreumatic  oil,  and  a gas,  a variety  of 
oxy-carburctted  hydrogen,  approaching  in  its  nature  to 
olefiant  gas,  which  burns  with  a bright  flame  ; the  carbo- 
naceous matter  is  in  a great  measure  left,  forming  Coak. 

This  decomposition  of  coal  by  heat  has  been  carried  on 
<m  a large  scale,  with  a view  to  collect  the  products ; the 
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bituminous  matter,  or  mineral  tar,  being  applied  to  the 
uses  for  which  vegetable  tar  and  pitch  are  employed,  and 
the  coaked  coal  being  used  in  the  smelting  of  metallic  ores, 
and  for  other  purposes.  More  lately  the  distillation  of 
Coal  lias  been  applied  to  the  procuring  an  elastic  fluid,  to 
afford  by  its  combustion  artificial  light,  and  has  some  ad- 
vantages, particularly  of  affording  a steady,  uniform,  and 
easily-regulated  light,  and  of  being  economical,  especially 
when  the  process  is  conducted  on  a large  scale. 


Sect.  III. — Of  Inflammable  Minerals , in  which  Hydrogen 

■predominates. 

To  this  genus  belong  principally  the  liquid  bitumens. 

Of  these  Naphtha  is  the  purest.  It  is  very  light,  of  a 

pale  yellow-green  colour,  transparent,  thin  and  liquid, 

/ 

odoriferous,  volatile,  and  inflammable,  and  in  burning  is. 
entirely  consumed,  emitting  a smoke  more  or  less  dense. 
Petroleum,  or  Mineral  Tar,  is  semi-liquid,  often  of  a 
thicker  consistence,  tenacious,  semi-transparent,  of  a red- 
dish-brown colour,  and  faetid  odour.  Mineral  Pitch, 
or  Maltha  , is  solid,  but  soft,  has  a degree  of  tenacity,  and 
a strong  bituminous  smell.  Its  colour  is  black,  its  lustre 
highly  resinous.  It  is  sometimes  elastic,  forming  what  has 
been  named  the  Elastic  Bitumen.  Asphaltum  is  the  last 
of  the  scries,  and  forms  the  connection  with  pitch  coal. 
It  is  of  a black  colour,  and  resinous  lustre,  without  trans- 
parency ; its  fracture  is  conchoidal ; it  is  light,  and  has  a 
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bituminous  smell  when  rubbed  or  heated.  It  melts  easily, 
takes  fire,  and  burns  without  leaving  any  ashes.  Through 
all  these  substances  there  is  a perfect  gradation  ; naphtha, 
by  inspissation,  becoming  petroleum,  and  this,  by  the 
same  operation,  passing  into  asphaltum  ; and  even  the 
different  specimens  of  these  are  frequently  found  in  the 
same  situation.  They  also  agree  in  their  chemical  charac- 
ters, are  inflammable,  insoluble  in  water  and  in  alkohol, 
but  combine  with  fixed  and  essential  oils,  and  are  partially 
soluble  in  ether.  They  are  not  dissolved  by  the  alkalis, 
and  are  decomposed  by  the  more  powerful  acids. 

Amber  is  usually  placed  among  the  bitumens,  though  it 
differs  considerably  in  its  properties.  It  is  of  a yellow  co- 
lour, pale  or  deep,  with  a shining  lustre,  and  a transparency 
more  or  less  perfect ; its  fracture  is  conchoidal ; it  is  bi  ittle, 
and  has  a specific  gravity  of  about  1.08.  It  is  inodorous  ex- 
cept when  heated  •,  when  rubbed,  it  becomes  strongly  elec- 
rical.  It  occurs  in  fragments,  or  sometimes  in  large  masses ; 
it  is  found  in  layers  of  bituminated  wood,  often  also  buried 
in  sand  on  the  seashore.  No  satisfactory  theory  has  been 
given  of  its  origin.  It  often  contains  very  perfect  organic 
proof  of  its  having  been  once  pci  fectl^  fluid. 

When  amber  is  exposed  to  heat  in  close  vessels,  it  softens 
and  swells ; and  with  a portion  of  empyreumatic  oil,  a 
quantity  of  an  acidulous  liquor  passes  over  •,  this  is  suc- 
ceeded by  a concrete  acid,  which  condenses  in  flakes  or 
needles,  which  is  obtained  from  no  other  substance,  and 
is  different  from  all  the  other  acids.  When  heated  in  con- 
tact with  the  air,  it  inflames,  burns  with  much  smoke,  and 
with  a strong  bituminous  smell,  and  leaves  little  residue. 
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Water  exerts  no  action  on  amber.  Alkohol  acts  o nit 
weakly,  acquiring  only  some  degree  of  colour  and  tenaci- 
ty. The  alkalis  dissolve  it,  forming  a kind  of  soap.  The 
acids  decompose  it,  changing  it  into  a species  of  resin,  and 
ultimately  into  tannin.  It  is  not  dissolved  either  by  the 
expressed  or  essential  oils  ; but  it  becomes  soluble  by  being 
roasted  gently.  Solutions  of  this  kind  are  used  as  var- 
nishes. 

The  empyreumatic  oil  obtained  from  the  decomposition 
of  amber  by  heat  is  thick,  and  of  a dark  colour ; by  dis- 
tilling it  repeatedly  with  water,  it  becomes  thinner  and  of  a « 
lighter  colour.  It  still  retains  a foetid  smell ; is  volatile  and 
inflammable  $ insoluble  in  water,  and  imperfectly  soluble 
in  alkohol.  It  also  combines  imperfectly  with  the  alkalis. 

The  acid  obtained  by  the  same  decomposition,  the  Suc- 
cinic Acid,  is  possessed  of  properties  which  sufficiently 
distinguish  it.  When  freed  from  the  small  portion  of  oily 
matter  which  adheres  to  it  at  its  first  sublimation,  it  is 
white,  and  crystallizes  in  four-sided  rhomboidal  plates  ; its 
taste  is  sour,  and  it  reddens  infusion  of  litmus ; it  is  so- 
luble in  24  parts  of  water  at  60,  and  is  also  soluble  in  al- 
kohol. It  is  volatile  and  inflammable.  Like  the  other  ve- 
getable acids,  it  has  a compound  base  of  carbon  and  hy- 
drogen. 

Succinic  acid  combines  with  the  alkalis,  earths,  and 
metallic  oxides,  but  these  combinations  present  no  im- 
portant results.  The  succinate  of  iron  is  insoluble  ; hence 
succinic  acid  has  been  employed  as  a test  of  this  metal, 
and  as  a re-agent  by  which  substances  may  be  freed  from 
it,  succinate  of  potash  being  added  to  any  solution  contain- 
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Jug  iron,  and  the  succinate  of  iron  being  precipitated. 
It  is  also  used  to  discriminate  between  magnesia  and  argil, 
the  succinate  of  magnesia  being  soluble,  while  that  ot  aigii 
is  insoluble,  and  is  therefore  precipitated. 

Mellite,  or  Honey-stone,  has  been  placed  among  the 
bituments,  with  which,  though  it  differs  from  them  consi- 
derably, it  has  some  relations.  In  its  external  appearance 
it  has  some  resemblance  to  amber : it  is  of  a honey-yel- 
low colour,  is  more  or  less  transparent  •,  its  lustie  is  intei- 
mediate  between  vitreous  and  resinous  ; its  surface  smooth  ; 
its  fracture  conchoidal  •,  it  is  brittle,  and  softer  than  am- 
ber i has  a specific  gravity  of  1.6.  It  occurs  generally  crys- 
tallized ; its  crystals  being  octaedrons,  dodecaedrons,  01 
four-sided  prisms  acuminated  by  four  planes.  It  becomes 
weakly  electrical  from  friction.  When  heated  in  contact 
with  the  air,  it  becomes  white,  and  burns  without  becom- 
ing sensibly  charred,  leaving  a white  matter,  which  pio- 
duces  a slight  effervescence  with  acids. 

This  substance  is  found  in  the  layers  of  bituminated 
wood.  Its  nature  was  unknown  until  it  was  analysed  by 
Klaproth,  who  found  it  to  consist  of  a peculiar  acid,  which 
has  hence  received  the  name  of  Mellitic  Acid,  united  with 
argil. 

The  acid  may  be  extracted  merely  by  the  action  of  water, 
and  by  evaporation  can  be  obtained  in  a mass,  which, 
when  subjected  to  the  action  of  alkohol,  to  separate  a por- 
tion of  earthy  matter,  may  be  crystallized.  Its  crystals 
are  prisms,  have  a yellowish  tinge,  and  a slight  acid  taste, 
accompanied  with  bitterness.  It  is  sparingly  soluble  in 
water.  Exposed  to  heat  it  swells  up,  emits  a dense  smoke, 
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is  charred,  and  leaves  a light  coal,  and,  from  the  pro- 
ducts of  its  decomposition,  is  evidently  analogous  in  consti- 
tution to  the  vegetable  acids. 

Mellitic  acid  combines  with  the  different  salifiable  bases, 
but  these  combinations  have  been  only  imperfectly  exa- 
mined, and  present  no  important  results.  They  are  some- 
what similar  to  those  of  oxalic  acid,  and  to  this  acid,  too, 
the  mellitic  acid  has  a considerable  resemblance. 


In  concluding  the  history  of  mineral  substances,  it 
might  be  supposed  necessary  to  take  a view  of  the  theories 
which  have  been  advanced  with  regard  to  their  formation. 
The  subject,  however,  involves  details  not  strictly  chemi- 
cal, and  cannot  be  considered  as  purely  elementary.  The 
opinions  which  are  maintained  with  regard  to  it  are  so  dis- 
cordant, and  our  knowledge  of  the  facts  so  imperfect,  that 
a brief  statement,  such  as  is  consistent  with  the  limits  of 
this  work,  would  scarcely  be  satisfactory.  I may  therefore 
refer  to  the  view  which  I have  given  of  it  in  my  System  of 
Chemistry,  or  to  the  more  ample  discussion  of  the  contro- 
versy, in  the  Comparative  View  of  the  Huttonian  and 
Neptunian  Systems  of  Geology. 
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CHAP.  V. 

OF  MINERAL  WATERS, 

Mineral  waters,  containing  very  various  ingredients, 
cannot  properly  be  placed  under  any  of  the  establish- 
ed classes  of  chemical  agents ; but  they  may  be  consi- 
dered after  the  metallic  and  earthy  fossils,  as  it  is  from 
these  that  they  derive  in  general  their  peculiar  properties. 
Though  all  waters,  that  which  descends  in  rain  excepted, 
may  be  styled  Mineral,  as  they  contain  more  or  less  of  sa- 
line and  earthy  matter,  yet  the  term  is  restricted  to  those 
in  which  the  quantity  is  such  as  gives  the  water  taste  01 
smell,  renders  it  capable  of  producing  peculiar  effects  on 
the  animal  system,  or  communicates  to  it  distinguishing 
chemical  properties. 

The  substances  found  in  mineral  waters  are  extremely 
numerous.  The  most  common  are,  carbonic  acid  ; sul- 
phuretted hydrogen  ; carbonates,  sulphates,  and  muriates 
of  soda,  lime,  and  magnesia ; and  carbonate  and  sulphate 
of  iron.  These  are  variously  intermixed,  and  the  water 
is  classed  as  acidulous,  sulphureous,  saline,  or  chalybeate, 
according  to  the  ingredients  which  predominate  in  it.  Sub- 
stances of  more  rare  occurrence  are,  sulphurous  acid,  ni- 
trogen gas,  sulphate  of  argil,  muriate  of  manganese,  and 
siliceous  earth. 

The  first  step  in  the  analysis  of  a mineral  water  is  to  as- 
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Certain  the  gaseous  substances  it  contains,  as  these  fre- 
quently contribute  to  hold  the  solid  substances  dissolved. 

Carbonic  acid,  when  uncombined,  or  in  excess,  may  be 
discovered  by  the  pungent  acidulous  taste  of  the  water, 
and  its  sparkling  appearance  when  poured  into  a glass. 
Ihey  become  vapid  from  exposure  to  the  air,  or  to  a 
moderate  heat,  from  the  escape  of  the  gas.  Tile  chemi- 
cal tests  to  discover  it  are  infusion  of  litmus  and  lime-water ; 
the  first  receiving  from  the  mineral  water  containing  it  an 
evanescent  redness,  the  second  producing  a milkiness  or 
precipitation  which  disappears  when  an  excess  of  the  mi- 
neral water  is  added,  the  carbonic  acid  rendering  soluble 
the  carbonate  of  lime,  to  which  the  turbid  appearance  is 
owing.  The  transparency  is  equally  restored  by  dropping 
into  the  liquid  a little  muriatic  or  nitric  acid.  By  the  eva- 
nescent redness  given  to  litmus,  carbonic  acid  is  distin- 
guished from  any  other  free  acid  that  might  be  present, 
' and  by  the  transparency  being  restored  by  these  re-agents, 
the  fallacy  is  guarded  against  that  might  arise  from  the  pre- 
cipitation of  the  lime  by  any  sulphate  in  the  water.  The 
quantity  of  free  carbonic  acid  gas  may  be  ascertained  by 
exposing  the  water  to  heat  in  a retort,  collecting  the  gas 
disengaged  from  it  in  ajar  over  mercury,  and  introducing 
to  it  a solution  of  potash,  by  which  the  carbonic  acid  gas 
is  absorbed. 

Sulphurous  acid  gas  is  very  seldom  to  be  looked  for ; 
when  preseht,  it  is  discovered  by  its  smell,  by  giving  a per- 
manent red  colour  to  a solution  of  litmus,  and  by  render- 
ing colourless  an  infusion  of  roses.  Its  quantity  is  esti- 
mated by  expelling  it,  exposing  the  gas  to  a solution  of 
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potash,  and  obtaining  the  sulphite  of  potash;  or  by  add- 
ing to  it  sulphuretted  hydrogen  gas  as  long  as  any  dimi- 
nution of  volume  is  produced,  these  two  gases,  by  their 
mutual  action,  being  converted  into  water  and  sulphuric 
acid,  and  being  therefore  entirely  condensed. 

Nitrogen  gas  is  discovered  by  remaining  unabsorbed 
when  the  elastic  fluid  expelled  from  a mineral  water  by 
heat  has  been  exposed  to  the  action  of  a solution  of  potash. 

Sulphuretted  hydrogen,  existing  in  a water,  is  discover- 
ed by  its  smell,  by  the  deposition  of  sulphur  from  it  on 
exposure  to  the  air,  or  on  the  addition  of  nitrous  acid,  by 
blackening  silver  or  mercury  immersed  in  it,  and  affording 
a dark- coloured  precipitate  Avith  acetate  of  lead,  llie 
quantity  of  it  has  been  estimated  by  expelling  it  11  om  the 
water  by  the  application  of  heat,  but  the  Avholc  of  it  can- 
not thus  be  expelled ; it  cannot  easily  be  collected  to  be 
measured  with  accuracy,  as  it  is  absorbed  Ip  watei,  and 
acts  on  quicksilver.  It  may  be  decomposed  by  the  addition 
of  fuming  nitrous  acid  ; or,  according  to  Kirwan’s  method, 
a quantity  of  the  water  is  inclosed  in  a jar  with  atmospheric 
air,  which  is  inverted  in  water  : nitrous  gas  is  passed 
through  the  water,  so  as  to  combine  with  the  oxygen  of 
the  atmospheric  air : nitrous  acid  is  formed,  and  this,  being 
absorbed  by  the  water,  decomposes  the  sulphuretted  hy- 
drogen ; the  quantity  that  has  been  present  may  be  disco- 
vered from  the  quantity  of  sulphur  precipitated,  and  col- 
lected on  a filtre,  30  grains  of  sulphur  being  held  equiva- 
lent to  100  cubic  inches  of  sulphuretted  hydrogen  gas. 
When  sulphuretted  hydrogen  and  carbonic  acid  gases 
exist  together  in  the  mineral  water,  the  elastic  fluid  ob- 
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tained  from  the  water  by  heat,  is  exposed  in  a tube  to  nir- 
trous  acid,  by  which  the  sulphuretted  hydrogen  is  imme- 
diately absorbed  and  decomposed. 

After  the  gaseous  substances  existing  in  mineral  waters 
have  been  ascertained,  the  solid  contents  are  to  be  exa- 
mined. 

The  mineral  acids,  when  combined  with  any  base,  or 
in  excess,  are  discovered  by  the  water  giving  a permanent 
red  colour  to  vegetable  infusions ; but  in  this  state  they 
are  very  rarely  present. 

The  neutral  and  earthy  salts  are  the  chief  ingredients  of 
mineral  waters.  We  have  to  ascertain  the  acids  they 
contain,  and  the  bases  with  which  these  are  united  ; and 
for  this  purpose  it  is  in  general  necessary  to  reduce  the 
volume  of  the  water  by  evaporation,  to  render  more  sen- 
sible the  operation  of  the  re-agents  by  which  they  are  de- 
tected, taking  care  only,  when  the  evaporation  is  executed 
with  this  view,  not  to  carry  it  so  far  as  to  give  rise  to  the 
separation  of  any  of  the  solid  ingredients. 

Sulphuric  acid,  in  combination  with  the  alkalis  or 
earths,  is  detected  by  muriate  of  barytes,  acetate  of  lead, 
and  nitrate  of  mercury,  all  of  these  producing  an  imme- 
diate precipitation.  The  first  is  at  once  the  most  delicate 
and  most  accurate,  and  the  others  therefore  may  be  regard- 
ed as  superfluous.  Its  delicacy  is  such,  that  it  discovers 
the  most  minute  quantity  of  sulphuric  acid.  The  only  fal- 
lacy to  which  it  is  liable,  is  one  easily  guarded  against, 
that  of  affording  a precipitate  from  the  presence  of  alka- 
line or  earthy  carbonate  ; this  is  obviated  by  adding,  pre- 
viously to  the  water,  a small  quantity  of  pure  nitric  or 
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muriatic  acid,  or  by  the  turbid  appearance,  after  it  lias 
been  produced,  disappearing,  if  it  has  arisen  from  tins,  on 
the  addition  of  a few  drops  of  either  of  the  acids. 

Muriatic  acid  is  detected  by  the  nitrate  of  silver  ; the 
muriate  of  silver  which  is  formed  being,  from  its  very 
sparing  solubility,  instantly  precipitated,  and  giving  rise  to 
a bluish  turbid  appearance.  The  delicacy  of  this  as  a 
re-agent  is  great,  the  most  minute  quantity  of  muriatic 
acid  in  any  state  of  combination  being  detected.  It  is  lia- 
ble to  fallacy,  however,  from  a precipitate  being  likewise 
produced  by  it  from  the  presence  either  of  any  carbonate 
or  any  sulphate.  The  operation  of  the  former  is  obviated 
by  the  previous  addition  of  a few  drops  of  pure  nitric  acid, 
which  decomposes  the  carbonate,  and  expels  the  carbo- 
nic acid ; to  avoid  the  latter,  it  is  necessary  to  decom- 
pose any  sulphate,  if  present,  by  the  addition  of  nitiate  of 
barytes. 

Carbonic  acid,  in  a state  of  combination  with  the  alka- 
lis or  earths,  may  be  discovered  by  the  effervescence  pro- 
duced by  the  addition  of  sulphuric  acid,  and  by  muriate  of 
barytes  forming  a precipitate  soluble  with  effervescence  in 
nitric  or  muriatic  acid,  the  effervescence  being  in  particu- 
lar apparent  when  concentration  has  been  produced  by 
evaporation.  The  alkaline  carbonates  are  distinguished 
by  their  power  of  changing  the  vegetable  colours ; the 
earthy  and  metallic  carbonates,  by  being  precipitated  when 
the  water  is  partly  evaporated. 

These  arc  the  acids  usually  met  with  in  mineral  waters. 
They  arc  commonly  combined  with  the  fixed  alkalis,  lime, 
magnesia,  or  argil,  or  with  oxide  of  iron. 
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Lime  is  immediately  precipitated  from  all  its  combina- 
tions by  oxalic  acid.  Some  of  the  mineral  acids,  however, 
either  decompose  this  acid,  or  hold  dissolved  the  precipi- 
tate it  forms  with  the  lime,  and  hence,  if  disengaged  by 
the  decomposition  itself,  may  have  this  effect.  This  falla- 
cy is  in  a great  measure  guarded  against  by  using,  not  the 
pure  acid,  but  oxalate  of  potash ; the  potash  neutralizing 
the  acid  disengaged  from  the  lime ; oxalic  acid  produces  a 
pi  ecipitate  likewise  with  magnesia,  but  this  takes  place 
very  slowly,  even  when  the  magnesian  salt  is  in  large 
quantity,  while  with  lime  it  is  immediate.  Sulphuric  acid 
is  also  a test  to  discover  lime ; but  it  is  one  of  much  less 
delicacy. 

Ammonia  and  lime-water  are  the  tests  of  magnesia,  the 
former  precipitating  it  partially,  the  latter  entirely.  In 
order  that  the  lime  may  be  an  accurate  test,  it  is  necessary 
to  remove  any  carbonic  acid  which  may  exist  in  the  water, 
by  previously  adding  nitric  acid ; and  any  sulphuric  acid, 
by  muiiate  of  barytes.  Another  source  of  fallacy  more 
important,  arises  from  argil  being  precipitated  by  these 
tests,  as  well  as  magnesia.  The  nature  of  the  precipitate 
may  be  discovered  by  dissolving  it  in  nitric  or  muriatic 
.acid,  and  again  precipitating  the  solution  by  carbonate 
of  potash.  If  this  dried  precipitate  be  subjected  to  the 
action  of  diluted  sulphuric  or  muriatic  acid,  it  will  be  im- 
mediately dissolved  if  the  earth  be  magnesia,  while,  if  it 
be  argil,  it  will  dissolve  slowly.  Another  test  which  dis- 
criminates between  these  earths  is  boiling  the  precipitate  in 
a solution  of  potash ; if  it  be  argil,  it  is  dissolved,  while 
magnesia  remains  undissolved.  Succiwatc  of  ammonia,  too, 
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precipitates  argil,  but  not  magnesia.  By  these  tests  argil 
is  likewise  discovered. 

The  alkalis,  when  in  a state  of  combination,  cannot  be 
discovered  by  any  striking  tests,  but  their  presence  is  in- 
terred when  acids  are  discovered  in  a mineral  water,  which 
are  not  free,  and  which  at  the  same  time,  from  the  appli- 
cation of  tests,  do  not  appear  to  be  combined  with  earthy 
or  metallic  bases.  Soda  is  the  alkali  generally  present. 
The  peculiar  salts  which  it  and  potash  form  with  the  diffe- 
rent acids,  serve  to  distinguish  them.  With  oxalic  acid, 
soda  forms  a salt  sparingly  soluble 4,  while  potash  forms, 
with  the  same  acid,  a salt  easily  dissolved.  W ith  tartaric- 
acid,  on  the  contrary,  soda  forms  a soluble  salt;  while 
with  potash,  an  acidulous  tartrate  is  formed,  of  compa- 
ratively sparing  solubility.  Muriate  of  platina  affords  a 
test  still  more  delicate,  giving  a precipitate  with  the  salts  or 
potash,  but  not  with  those  of  soda. 

Siliceous  earth  is  contained  in  some  waters,  not  combin- 
ed, however,  with  any  acid.  A portion  of  alkali,  likewise, 
generally  exists  in  such  water ; but  this  is  either  in  the 
state  of  carbonate,  or  in  such  small  quantity  that  it  can 
scarcely  be  considered  as  the  solvent  of  the  silex.  This 
earth  may  be  discovered  by  evaporating  the  water,  and 
adding  to  the  solid  residuum  nitric  or  muriatic  acid ; the 
silex  will  remain  undissolved  ; and  its  nature  may  be  still 
more  clearly  proved  by  fusing  it  by  the  blowpipe,  with 
either  of  the  fixed  alkalis. 

Of  the  metals  existing  in  mineral  waters,  iron  is  die 
principal ; any  other,  indeed,  is  of  very  rare  occurrence, 
and  only  in  particular  situations.  It  is  combined  some- 
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times  with  sulphuric  acid,  but  much  more  generally  is  held 
dissolved  by  carbonic  acid. 

Chalybeate  waters,  as  those  impregnated  with  iron  are 
named,  deposite  an  ochrey  sediment  on  exposure  to  the 
air.  The  iron  is  discovered  by  very  delicate  tests,  princi- 
pally the  infusion  of  galls,  and  the  prussiate  of  potash,  the 
former  striking  a purple  colour,  the  other  giving  rise  to  a 
blue  precipitate.  The  latter  is  liable  to  fallacy,  principal- 
ly from  the  iron  which  exists  in  its  composition,  and  which 
is  liable  to  be  evolved  by  an  acid,  so  as  to  give  rise  to  the 
blue  precipitate.  The  former  is  not  liable  to  this  or  any 
other  important  fallacy,  and  is  much  more  delicate,  a deep 
colour  being  struck  when  the  iron  is  present  in  very  small 
proportion.  The  colour  is  liable  to  be  varied  by  the  action 
of  various  salts ; alkaline  and  earthy  carbonates  rendering 
it  violet,  neutral  alkaline  salts  deepening  the  purple  tint, 
and  sulphate  of  lime  rendering  the  precipitate  at  first 
whitish,  and  afterwards  black.  Carbonate  of  lime  has  a 
singular  effect.  If  the  iron  be  in  small  quantity,  and  at  a 
high  state  of  oxidation,  the  colour  does  not  even  appear  ; 
while,  if  it  is  at  a low  state  of  oxidation,  the  purple  tint 
is  even  heightened.  By  applying  this  test  before  and  after 
ebullition  of  the  mineral  water,  we  discover  whether  the 
oxide  of  iron  has  been  held  dissolved  by  carbonic  acid  or 
sulphuric  acid,  as  if  the  former  has  been  the  solvent,  being 
expelled  during  the  boiling,  the  oxide  is  in  a great  mea- 
sure precipitated,  so  that  the  liquor,  after  filtration,  when 
cold,  either  does  not  suffer  the  change  of  colour,  or  the 
tint  is  much  less  deep.  The  quantity  of  oxide  may  be  in 
some  measure  determined  by  its  precipitation  from  expo- 
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sure  to  the  air  and  ebullition  ; or,  according  to  a more  re- 
cent mode,  it  may  be  precipitated  by  succinate  of  soda, 
and  the  precipitate,  calcined  at  a red  heat  with  a little  car- 
bonaceous matter,  gives  the  quantity  of  oxide  of  ii  on. 

Besides  the  methods  of  discovering  the  saline  compounds 
in  mineral  waters  by  the  application  of  re-agents  which  in- 
dicate their  principles,  they  may,  by  certain  methods,  be 
obtained  in  their  entire  state,  and  their  quantities  deter- 
mined. 

Evaporation  is  employed  with  this  view,  different  sub- 
stances being  successively  obtained  as  the  evaporation  is 
carried  to  a greater  or  less  extent.  Thus  the  caibonntes  of 
lime  and  magnesia  are  usually  first  precipitated,  aiterwards 
sulphate  ojjime  falls  down  ; if  after  these  precipitations  the 
liquor  be  drawn  off  and  allowed  to  cool,  the  alkaline  neu- 
tral salts  and  the  sulphate  of  magnesia  crystallize,  while 
muriate  of  magnesia  and  muriate  of  lime,  if  present,  will 
remain  dissolved,  forming  an  uncrystallizable  residue. 

Alkohol  facilitates  the  analysis  by  a similar  operation. 
When  added  to  the  water  brought  to  a certain  state  of  con- 
centration, it  throws  down  first  sulphate  of  lime,  after- 
wards carbonate  of  lime  and  carbonate  of  magnesia  ; and 
if  added  in  larger  quantity,  or  after  a renewed  evapora- 
tion, it  either  precipitates  or  causes  to  crystallize  sulphate 
of  magnesia  and  sulphate  of  soda,  while  any  muriates  re- 
main dissolved.  Advantage  too  is  taken  of  its  solvent 
power,  the  solid  substances  being  obtained  by  evaporation 
to  dryness,  and  their  separation  being  facilitated  by  the 
addition  of  alkohol  in  successive  portions. 
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By  these  methods,  the  quantities  of  the  solid  substances 
contained  in  a mineral  water  are  determined.  These  are 
also  frequently  inferred  by  estimation  from  the  precipitates 
afforded  by  the  usual  re-agents.  Thus  the  quantity  of  sul- 
phuric acid  may  be  ascertained  from  the  weight  of  the  pre- 
cipitate formed  by  adding  muriate  of  barytes,  the  pro- 
portion of  sulphuric  acid  which  a given  weight  of  this 
brought  to  a certain  state  of  desiccation  contains,  being 
known.  The  quantity  of  muriatic  acid  may  be  inferred 
from  the  weight  of  the  precipitate  formed  by  adding  nitrate 
of  silver  j that  of  carbonic  acid,  from  the  weight  of  the 
precipitate  formed  by  water  of  barytes  or  lime ; that  of 
lime  from  the  weight  of  the  oxalate  of  lime  precipitated  by- 
oxalate  of  potash  ; and,  in  a similar  manner,  ^he  weights 
of  other  substances  that  can  be  precipitated  by  re-agents 
in  new  states  of  combination  may  be  determined.  The 
method  is  indeed  liable  to  some  fallacy,  from  the  uncer- 
tainties which  attend  the  determination  of  the  proportions 
of  compound  salts.  But  it  may  be  combined  with  the 
others,  and  it  is  only  from  these  combined  methods  that 
em  accurate  analysis  can  be  obtained. 


BOOK  VIII. 
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T he  compounds  which  ai’e  the  products  of  the  chemical 
processes  carried  on  in  the  vegetable,  and  also  in  the  animal 
system,  have  peculiar  chemical  characters,  by  which  they  are 
distinguished  from  the  compounds  which  exist  native  ill 
the  mineral  kingdom,  or  which  are  capable  of  being  arti- 
ficially formed.  Their  composition  is  in  general  more  uni- 
form with  regard  to  the  principles  of  which  they  are  com- 
posed, but  more  complicated  with  regard  to  the  number 
of  elements  existing  in  simultaneous  combination,  and 
much  more  diversified  in  the  proportions  and  modes  in 
which  these  are  united.  Carbon,  hydrogen,  and  oxygen, 
are  their  chief  constituent  principles,  to  which  are  sometimes 
added,  in  smaller  proportions,  nitrogen,  sulphur,  phospho- 
rus, lime,  and  iron  ; and  it  is  from  differences  in  the  propor- 
tions, and  in  the  modes  of  combination,  that  the  immense 
diversities  of  properties  by  which  these  substances  are  dis- 
tinguished are  derived  These  principles,  too,  arc  not 
united  in  binary  compounds,  but  exist  in  more  complica- 
ted states  of  union ; their  affinities  are  therefore  morn 
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nearly  balanced,  and  of  course  are  more  easily  subverted. 
Hence  the  susceptibility  of  decomposition,  by  which  the 
vegetable  and  animal  compounds  are  distinguished ; they 
are  liable  to  spontaneous  change  from  the  mere  re-action 
of  their  elements,  especially  when  this  is  favoured  by  a 
state  of  solution,  or  the  presence  of  humidity;  they  are, 
even  at  common  temperatures,  acted  on  by  the  oxygen  of 
the  atmosphere ; and  at  elevated  temperatures,  their  exist- 
ing composition  is  entirely  subverted.  In  all  the  decom- 
positions, too,  to  which  they  are  liable,  their  principles 
are  not  disengaged  in  an  insulated  state  ; for,  having  strong 
mutual  affinities,  they  enter  into  combination,  and  form 
new  products.  From  this  circumstance,  and  from  the 
similarity  in  composition  with  regard  to  the  principles  of 
these  compounds,  the  products  of  their  analysis  are  nearly 
the  same,  differing  principally,  at  least,  in  the  proportions 
in  which  they  are  disengaged.  It  is  therefore  difficult, 
from  the  results  of  the  analysis,  to  determine  the  compo- 
sition with  perfect  accuracy  ; and  we  are  in  all  cases  unable 
to  confirm  it  by  synthesis,  for  we  have  not  the  power,  by 
any  adjustment,  of  balancing  the  affinities  of  the  ultimate 
principles,  or  of  placing  them  under  circumstances  similar 
to  those  in  which  they  have  been  combined ; and  hence 
these  compounds  can  never,  by  direct  combination,  be 
artificially  formed. 

The  vegetable  compounds  arc  rather  more  simple  in 
their  composition  than  those  formed  in  the  animal  system. 
They  consist  chiefly  of  carbon,  hydrogen,  and  oxygen, 
and  more  rarely  contain  nitrogen,  sulphur,  or  phosphorus  ; 
hence  their  composition  is  rather  more  permanent,  as  it 
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depends  on  a less  nice  adjustment  of  affinities ; they  are  at 
least  less  susceptible  of  spontaneous  decomposition ; and 
from  this  diversity  in  the  nature  of  their  elements,  the 
products  of  their  analysis  are  not  precisely  the  same.  , 
Vegetable  compounds  are  all  formed  by  actions  subser- 
vient to  the  general  process  of  vegetation,  and  are  derived 
from  new  combinations  established  by  that  process  among 
the  elements  of  the  substances  absorbed  by  the  growing 
plant.  Hence  the  relation  of  vegetation  to  chemistry, 
and  the  advantage  of  considering  it  'so  far  as  it  is  chemical, 
before  proceeding  to  the  history  of  the  compounds  them- 
selves. 


CIIAP.  I. 

<*F  VEGETATION,  AND  THE  FORMATION  OF  VEGETABLE 

COMPOUNDS. 

Vegetables  are,  like  animals,  endowed  with  life.  At 
one  period,  indeed,  it  was  attempted  to  account  for  the 
functions  they  perform  from  their  peculiar  mechanism,  and 
the  action  of  mechanical  powers.  The  rise  of  the  sap, 
and  the  propulsion  of  their  fluids,  were  ascribed  to  capil- 
lary attraction,  and  the  motions  of  different  parts  to  the 
elasticity  of  fibres.  But  such  causes  arc  utterly  inadequate. 
The  absorption  of  external  matter,  the  movement  of  the 
fluids  direct  and  retrograde,  the  secretions  whence  new 
products  are  formed,  the  motions  of  the  leaves  as  they  are 
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excited  by  light  and  other  external  agents,  the  devclope- 
ment  and  growth  of  new  parts,  and  the  formation  and 
evolution  of  the  embryo  plant, — are  phenomena  inexpli- 
cable on  any  principle  of  mechanism,  and  so  strictly  ana- 
logous to  corresponding  phenomena  in  the  animal  system, 
that  they  must  be  referred  to  a similar  cause. 

Vitality  in  vegetables  observes  even  the  same  laws  as 
that  by  which  it  is  regulated  in  the  animal  frame.  The 
motions  and  functions  dependent  on  it  require  to  be  excit- 
cd  by  the  due  application  of  external  agents ; if  these  are 
withdrawn,  the  functions  languish  or  cease ; if  they  act 
too  forcibly,  the  vital  power  is  impaired ; if  they  have 
been  previously  abstracted,  more  vigorous  action  is  exert- 
ed when  their  application  is  renewed  ; or  if  too  suddenly 
and  forcibly  applied,  the  excitement  may  produce  an  ex- 
haustion of  power.  The  effects  of  soil,  of  moisture,  of 
heat,  light,  and  electricity,  on  plants, — their  sleep,  germi- 
nation, efflorescence,  fructification,  and  decay,  afford 
many  illustrations  of  the  operation  of  this  principle  in 
conformity  to  these  laws. 

As  vegetables  and  animals  are  thus  endowed  with  similar 
powers,  there  is  a similarity  in  their  genera!  structure  and 
organization,  and  in  the  functions  they  perform.  In  ve- 
getables these  are  indeed  more  simple  than  in  the  more 
perfect  animals,  but  still  the  analogy  is  easily  traced. 

There  moves  through  the  vessels  of  plants  a common 
juice  or  sap,  supposed  to  be  analogous  to  the  blood  ot  ani- 
mals, and  from  changes  in  the  composition  of  which  the 
products  of  the  plant  are  formed.  The  sap  or  common 
vessels,  us  they  are  named,  rise  longitudinally  fi'om  the 
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root  to  the  upper  extremities,  passing  beneath  the  cellular 
tissure  of  the  stem  and  branches,  or  through  the  wood, 
and  conveying  apparently  the  fluid  which  is  absorbed  by 
die  roots  from  the  soil.  Similar  vessels  run  from  the  baik 
in  an  horizontal  or  oblique  direction,  conveying  what  may 
be  absorbed  from  the  atmosphere  at  the  surface  oi  the 
leaves,  or  of  the  branches  or  stem. 

There  are  vessels  distinct  from  these,  named  the  Proper 
Vessels,  in  which  the  common  sap  has  been  supposed  to 
suffer  peculiar  elaboration.  They  are  situated  principally 
in  the  cellular  tissure  and  internal  bark ; they  appeal  to 
descend  towards  the  root,  and  to  convey  a fluid  in  that 
direction,  as,  when  cut,  the  liquor  which  exudes  comes 
from  the  upper  margin  of  the  incision. 

A6  the  common  vessels  can  be  traced  from  the  root  to 
the  leaves,  and  the  propel-  vessels  descend  in  the  opposite 
direction,  it  appears  to  follow,  that  any  connection  between 
them  is  established  in  the  leaf.  Darwin  supposed  that  the 
large  vessel,  or  bundle  of  vessels,  which  runs  fiom  the 
leaf-stalk  through  the  centre  ol  the  leat  to  its  apex,  is 
formed  by  the  union  of  smaller  sap-vessels  j that  the  pui- 
pose  it  serves  is  to  distribute  the  sap  over  the  surface  of 
the  leaves  in  minute  ramifications,  in  which  it  may  be  ex- 
posed to  the  action  of  air  and  light ; and  that  the  sap  thus 
changed  is  brought  back  by  other  vessels  which  pass  along 
the  under  surface  of  the  leaf,  unite  at  the  commencement 
of  the  stalk,  and  probably  form  the  proper  vessels  ; in  its 
progress  through  which,  in  different  parts  of  the  plant, 
the  juice  undergoes  farther  changes.  And  he  stated  some 
experiments  on  the  absorption  of  coloured  fluids,  and 
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their  progress  through  the  leaf,  which  accorded  with  this 
view.  It  has  been  more  recently  established  by  the  expe- 
riments of  Knight. 

Another  set  of  vessels  have  been  observed  in  vegetables, 
the  functions  of  which  are  not  well  ascertained, — those  of 
a spiral  form.  They  are  found  around  the  pith,  in  the 
slender  branches,  the  leaf-stalk,  and  the  petals  of  the 
flower.  As  they  are  always  empty,  they  have  been  sup- 
posed to  convey  air ; others  have  supposed  them  to  be  ab- 
sorbents, which  contract  forcibly  when  cut,  and  hence 
discharge  their  contents.  Knight  regards  them  as  subser- 
vient to  the  sap- vessels,  as  they  are  generally  connected 
with  them,  and  supposes,  that  by  some  mechanism  they 
facilitate  the  propulsion  of  the  sap. 

The  functions  performed  by  vegetables,  subservient  to 
the  formation  of  their  chemical  products,  are,  Absorp- 
tion, Perspiration,  Respiration,  and  Secretion. 

Absorption  is  performed  by  vessels  arising  from  the 
roots,  and  probably  also  from  the  bark  and  leaves.  From 
the  soil  a large  quantity  of  water  appears  to  be  taken  up 
by  these  vessels,  holding  dissolved,  it  is  probable,  the  soluble 
parts  of  the  vegetable  and  animal  matter  which  the  soil 
contains,  and  a portion  of  its  saline  and  earthy  matter. 
This  absorbed  fluid  appears  to  be  the  source  ot  the  sap  j 
in  its  ascent  it  is  changed  in  its  qualities,  acquiring  greater 
specific  gravity,  and  holding  a larger  portion  of  matter 
dissolved  * changes  which  may  arise  in  part  from  the  ac- 
tion of  the  vessels  through  which  it  is  propelled,  and  part- 
ly iron-.  the  intermixture  of  the  proper  juices  of  the  plant, 
and  also,  according  to  tiie  conclusions  drawn  by  liar  win 


OF  VEGETATION,  &C. 


297 


and  Knight,  from  the  extraction  of  solid  matter  from  the 
wood.  According  to  the  extent  of  these  changes,  and 
probably  also  according  to  the  materials  furnished  troni 
the  soil,  the  sap  varies  in  its  qualities.  Vauquelin  found, 
that  it  always  holds  dissolved  a considerable  quantity  of 
saline  matter,  principally  acetate  of  potash  and  lime,  and 
sometimes  carbonate  of  lime,  with  smaller  portions  of  sul- 
phate, muriate,  and  nitrate  of  potash;  it  contains,  too, 
vegetable  matter,  principally  extract,  and  tannin,  and 
sometimes  sugar,  the  two  latter  being  probably  derived 
from  intermixture  of  the  proper  juices.  Knight  always 
found  the  sap  to  be  largely  impregnated  with  air. 

Perspiration  is  observed  in  plants,  and  when  vegetation 
is  vigorous,  or  under  exposure  to  heat  or  light,  takes  place 
even  to  a very  considerable  extent.  The  perspired  fluid 
appears  to  be  chiefly  water,  with  a slight  impregnation  oi 
vegetable  matter. 

Respiration,  or  the  function  by  which  changes  are  pro- 
duced in  the  composition  of  the  surrounding  air,  is  per- 
formed by  vegetables  by  the  medium  ot  their  leaves,  is  ne- 
cessary to  sustain  their  life,  and  is  probably  strictly  con- 
nected with  the  chemical  changes  which  constitute  vegeta- 
tion. Considerable  difficulty,  however,  has  been  expe- 
rienced in  determining  the  precise  nature  of  the  reciprocal 
action  exerted  between  a growing  plant,  and  the  surround- 
ing atmosphere. 

Priestley  observed  at  an  early  period,  that  plants  absorb 
carbonic  acid  from  atmospheric  air,  when  it  is  mixed  with  it, 
even  in  considerable  quantity,  and  communicate  to  it  oxy- 
gen ; and  tins  suggested  the  speculation  already  noticed, 
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that  vegetables  and  animals  stand  opposed  to  each  other 
in  the  changes  they  produce  in  the  atmosphere,  and  by  this 
opposition  preserve  it  at  its  due  purity,  and  of  uniform 
composition.  This  view,  pleasing  from  its  apparent  adap- 
tation to  the  oeconomy  of  nature,  was  received  without  be- 
ing submitted  to  very  strict  examination ; though  facts, 
not  altogether  in  conformity  to  it,  appeared  to  be  establish- 
ed on  other  authorities.  Even  the  experiments  of  Priest- 
ley afforded  discordant  results,  and  proved,  that  in  some 
cases  the  changes  produced  in  the  air  by  vegetables  are 
precisely  the  reverse  of  those  whence  his  conclusions  were 
drawn ; and  in  those  made  by  Scheele,  the  deterioration 
of  the  air  and  the  production  of  carbonic  acid  gas  were 
uniformly  observed. 

A tact  ascertained  by  Ingenhouz  appeared  to  point 
out  the  principle  from  which  this  discordance  might 
be  explained.  He  observed  that  the  evolution  of  oxy- 
gen gas  from  the  leaves  of  vegetables  takes  place  prin- 
cipally when  they  are  under  exposure  to  solar  light  j . 
whence  he  inferred,  as  the  result  of  an  extensive  series  of 
experiments,  made  by  exposing  the  leaves  of  plants,  their 
green  shoots  or  branches,  or  even  the  entire  vegetable, 
■under  water  to  the  solar  ravs,  that  “ oxygen  is  elaborated 
in  the  vessels  or  other  organs  of  vegetables,  by  a vital  ac- 
tion, excited  and  sustained  by  the  light  of  the  sun  and 
he  added  a number  of  facts  in  proof  of  the  conclusion 
that  the  organic  structure  of  the  vegetable  is  necessary 
to  this  ; that  it  is  the  result  of  a function  performed  by 
it,  and  is  therefore  connected  with  the  oeconomy  oi  the 
plant.  The  production  of  oxygen  he  found  at  the  same 
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time  to  be  considerably  dependant  on  the  nature  ol  the 
water  under  which  the  vegetable  was  immersed ; and  it  has 
been  more  lately  shewn,  by  the  experiments  ol  Sennebiei , 
Woodhouse,  and  Saussure,  that  it  is  much  connected 
with  the  presence  of  carbonic  acid,  so  that  in  water  entire- 
ly free  from  this,  the  evolution  of  oxygen  is  very  inconsi- 
derable, while  in  water  impregnated  with  it,  it  is  abundant. 
It  may  be  inferred,  therefore,  that  it  is  principally  from  the 
decomposition  of  the  carbonic  acid,  by  the  powers  of  the 
plant,  aided  by  the  agency  of  the  light,  that  the  oxygen 
is  evolved.  Some  have  supposed  even  that  the  decompo- 
sition is  produced  by  the  action  of  the  light  alone,  and 
that  the  vegetable  matter  affords  merely  a surface  on  which 
this  acts  on  the  water  or  the  carbonic  acid  in  a favour- 
able manner — a supposition,  however,  which  appears  to  be 
refuted  by  various  facts  stated  by  Ingenhouz,  which  prove 
the  necessity  of  organic  structure,  and  organic  action,  to 
the  evolution  of  oxvgen  \ particularly  that  other  substances, 
which  might  equally  afford  a sui'face,  as  silk,  have  not  the 
same  effept ; that  the  quantity  evolved  is  greater,  as  the 
leaves  are  in  a state  of  maturity  and  vigour ; and  that  the 
evolution  ceases  when  their  life  or  organization  is  de- 
stroyed. 

Still  it  is  more  satisfactory  to  determine  the  changes 
which  the  entire  vegetable  produces  in  the  surrounding 
air,  in  its  natural  situation  ; and  on  this  subject  many  ex- 
periments have  been  made.  Priestley  in  general  lound, 
that  air  vitiated  by  respiration  or  combustion,  has  its*pur 
rity  restored  by  a growing  plant,  and  that,  by  introducing 
the  flexible  shoots  of  plants  into  jars  containing  air,  the 
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air  is  ameliorated.  Ingenhouz  observed  that  plants  con- 
fined in  air,  containing  a portion  of  carbonic  acid  gas,  de- 
compose this  gas,  and  produce  oxygen  when  under  di- 
rect exposure  to  solar  light,  but  that  if  this  is  excluded, 
the  reverse  changes  take  place,  oxygen  is  consumed,  and 
carbonic  acid  formed.  With  this  the  experiments  of  Sen- 
nebier  nearly  correspond,  the  proportion  of  oxygen  being 
increased  in  air,  in  which  the  branches  of  plants  were 
placed  over  water  and  exposed  to  the  sun,  and  this  to  a 
greater  extent  when  the  branches  were  removed  during 
the  night.  Woodhouse  at  a later  period  drew  the  conclu- 
sion from  his  experiments,  that  plants  confined  in  atmos- 
pheric air  produce  in  general  any  change  in  it  very  slow- 
ly i carbonic  acid  was  frequently  formed,  and  oxygen  com 
sumed,  but  not,  as  he  supposed,  from  any  function  of  the 
vegetable,  but  rather  from  the  chemical  action  of  the  oxy- 
gen on  the  carbonaceous  matter  of  the  plant ; and  the 
change  more  directly  produced  by  the  vital  action  of  the 
vegetable,  excited  by  solar  light,  is  the  decomposition  of 
carbonic  acid,  and  consequent  evolution  of  oxygen  ; though, 
as  the  quantity  of  this  acid  diffused  in  the  atmosphere  is 
inconsiderable,  vegetation,  he  supposes,  can  have  little 
effect  in  preserving  its  purity. 

The  investigation  of  this  subject  has  been  prosecuted 
still  more  minutely  by  T.  Saussure.  The  view  suggested 
by  his  experiments,  and  which  led  to  their  more  exten- 
sive prosecution,  is,  that  carbonic  acid  is  decomposed  by 
growing  vegetables,  as  the  result  of  the  process  of  vege- 
tation ; the  carbon  is  fixed  in  the  vegetable  matter,  contri- 
buting to  the  growth  of  the  plant,  and  the  formation  of 
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its  products,  part  of  the  oxygen  is  also  retained,  and  the 
remainder  is  evolved.  Hence,  when  growing  plants  are 
placed  in  atmospheric  air,  to  which  carbonic  acid  has  been 
added,  and  exposed  to  solar  light,  the  carbonic  acid,  if  not 
in  too  large  quantity,  disappears,  oxygen  is  evolved,  ve- 
getation is  vigorous,  and  the  proportion  of  carbon  in  the 
plant  is  inci'eased.  It  is  this,  according  to  Saussure,  which 
is  the  source  of  the  carbon  in  vegetables,  for  when  they 
are  made  to  vegetate  in  pure  water,  and  in  atmospheric 
air,  deprived  of  carbonic  acid,  there  is,  he  maintains,  a 
mere  enlargement  of  their  bulk  without  any  addition  of 
weight.  At  the  same  time,  the  action  of  light  is  necessary 
to  these  changes.  If  it  is  excluded,  the  presence  of  car- 
bonic acid  gas,  instead  of  being  useful,  is  injurious,  and  no 
sensible  quantity  of  it  is  decomposed  j and  a growing  plant 
placed  in  common  atmospheric  air,  under  the  exclusion  of 
light,  consumes  oxygen,  and  forms  cai’bonic  acid.  If  the 
light  be  admitted,  the  reverse  changes  are  established,  and 
thus,  under  the  alternate  admission  and  exclusion  of  light, 
little  sensible  change  is  produced  in  the  constitution  of 
the  air. 

Mr  Ellis  has,  in  the  last  place,  given  another  view  of 
the  changes  produced  by  vegetables  in  atmospheric  air, 
and  of  tue  connection  of  these  with  vegetation,  nearly  the 
reverse  of  that  advanced  by  Saussure,  though  admitting  a 
number  of  the  same  facts.  His  experiments  prove,  that 
growing  plants  uniformly,  and  in  all  periods  of  vegetation, 
consume  the  oxygen  of  the  air,  and  form  carbonic  acid 
in  quantity  equivalent  to  the  portion  of  oxygen  thus  con- 
sumed •,  this  takes  place  even  under  clear  day-light,  and 
i-i  only  suspended,  and  the  reverse  changes  established  by 
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tlie  direct  action  of  the  solar  rays.  Carbonic  acid  is  not' 
necessary,  he  conceives,  to  their  growth,  for  they  die 
when  it  is  abundantly  supplied,  if  oxygen  is  not  present ; 
while  they  live  and  flourish  as  long  as  oxygen  is  supplied, 
though  carbonic  acid  be  completely  abstracted. 

It  appears  to  be  sufficiently  established  by  the  general 
results  of  the  different  experiments  that  have  been  made 
on  this  interesting  subject,  that  growing  vegetables  pro- 
duce very  different  changes  on  the  air  which  surrounds 
them,  according  as  they  are  exposed  or  not  to  the  solar 
rays.  Under  this  exposure  they  decompose  carbonic 
acid  when  it  is  present,  either  in  its  elastic  form  or 
condensed  by  water,  and  exhale  oxygen  ; when  excluded 
from  this,  even  though  diffused  light  be  present,  they 
produce  precisely  the  reverse  changes,  consume  oxygen, 
and  form  carbonic  acid. 

The  question,  therefore,  obviously  is,  which  of  these 
series  of  changes  is  the  result  of  the  natural  function  of  the 
plant,  connected  with  its  growth  and  the  formation  of  its 
products.  And  on  this  point  Mr  Ellis  has  very  forcibly 
remarked,  that  as  so  many  plants  grow  and  form  all  their 
products  without  being  directly  exposed  to  the  rays  of  the 
sun  ; and  as  at  certain  seasons,  and  in  many  climates,  the 
degree  of  this  exposure  is  inconsiderable  compared  with 
their  seclusion  from  it,  we  are  led  to  the  conclusion  that  it 
cannot  be  essential  to  their  growth,  but  that  the  changes 
which  they  more  constantly  produce,  must  be  those  on 
which  vegetation  depends. 

This  opinion  may  be  just ; yet  the  subject  is  not  alto- 
gether free  from  obscurity;  for,  independent  of  thecircum- 
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stance,  tliat  there  is  still  some  discordance  with  regard  to 
Some  of  the  facts  connected  with  it,  It  must  be  admitted 
as  singular,  that  plants  can  without  injury  so  change  the 
state  of  the  functions  they  perform,  as  at  different  times 
to  produce  changes  precisely  the  reverse  of  each  other, 
though  extremely  important  in  themselves ; and  farther, 
that  they  should  exist  in  greatest  vigour,  and  form  their 
peculiar  products  in  greatest  perfection,  generally  in  those 
climates,  and  universally  in  that  season,  in  which  they 
have,  from  situation  with  regard  to  solar  light,  been  exert- 
ing to  the  greatest  extent  that  very  function  with  regard 
to  the  air,  supposed  to  be  least  natural  to  them,  or  the 
reverse  of  that  to  which  their  economy  is  adapted,  and 
which  they  usually  perform.  We  have  the  farther  difficul- 
ty, if  we  adopt  this  view,  of  accounting  for  the  origin,  (par- 
ticularly in  the  case  of  plants  growing  when  supplied  only 
•with  water  and  atmospheric  air),  not  only  of  the  carbon 
which  makes  part  of  their  substance,  but  of  the  much 
larger  quantity  which  must  be  spent  in  this  formation  and 
evolution  of  carbonic  acid.  And,  lastly,  the  experiments 
of  Saussure  appear  to  prove,  that  the  decomposition  of 
carbonic  acid  by  plants,  instead  of  being  an  unnecessary 
process,  dependent  on  the  accidental  chemical  agency  of 
solar  light,  is  essential  to  their  growth ; for  he  found,  that 
.if  the  small  portion  of  carbonic  acid  which  atmospheric  air 
naturally  contains  were  removed,  by  washing  with  lime- 
water,  the  vegetable  to  which  such  air  was  applied  merely 
expanded,  without  any  real  addition  of  vegetable  matter, 
while,  when  supplied  with  water  and  with  atmospheric  air 
;n  its  natural  state,  the  proportion  of  vegetable  matter  in- 
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creased  with  its  growth,  proving  that  it  had  fixed  the  car- 
bon of  this  carbonic’acid. 

It  may  be  remarked,  in  concluding  this  subject,  that 
the  changes  effected  by  plants  in  a state  of  full  growth  and 
vigour  on  the  surrounding  air,  appear  to  be  less  than  have 
been  usually  imagined ; water  is  more  essential  to  them, 
and  they  are  unquestionably  much  less  dependent  than 
animals  on  the  surrounding  air.  They  require  also  a less 
supply  of  nutritious  matter,  as  their  growth  is  more  slow, 
and  they  lose  less  by  any  excretion.  There  appears,  too, 
to  be  a much  greater  diversity  in  plants  than  in  animals 
with  regard  to  their  relation  to  the  air,  some  affecting  it 
very  slowly,  others  producing  changes  in  it  more  speedily, 
and  some  being  injured  by  one  gas  in  which  others  live 

sufficiently  well. 

Vegetables  are  capable  of  acting  on  the  other  aerial 
fluids  besides  atmospheric  air  or  carbonic  acid  ; but  the 
facts  on  this  subject  are  somewhat  discordant,  and  are  less 
interesting,  as  having  little  connection  with  vegetation. 

Changes  analogous  to  those  produced  by  the  leaves  on 
the  surrounding  air,  are  produced  by  the  action  of  other 
parts,  particularly  the  stems  and  young  green  shoots. 
The  leaves,  however,  are  the  proper  respiratory  organs 
of  plants,  and  their  importance  is  sufficiently  shewn  by  the 
fact,  that  when  they  are  destroyed  during  the  period  of 
rapid  vegetation,  the  plant  decays,  and  even  dies.  The 
under  surface  of  the  leaf  appears  to  perform  the  functions 
of  transpiration  and  absorption  of  watery  vapour,  while  it 
is  at  the  upper  surface  that  the  chemical  changes  produced 
by  the  action  of  light  principally  take  place. 
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Secretion,  or  a process  analogous  to  it,  is  performed 
by  vegetables  ; in  other  words,  from  the  common  juice  or 
sap  very  different  products  are  formed,  by  the  action  of 
the  vessels  giving  rise  to  new  combinations  of  the  princi- 
ples it  affords.  These  changes  have  been  supposed,  but 
without  any  sufficient  proof,  to  be  produced  principally  in 
the  utricles  or  bundles  of  vessels  situated  in  the  stem  and 
other  parts.  The  secreted  products  form  the  vegetable 
proximate  principles,  and  they  are  adapted  to  different 
purposes  in  the  economy  of  the  plant. 

Having  traced  the  functions  of  vegetables,  it  remains  to 
connect  with  them  the  general  process  of  vegetation,  and 
the  consequent  formation  of  the  vegetable  compounds. 

The  seed  of  a vegetable  consists  of  two  principal  parts, 
— the  germs,  or  part  endowed  with  life,  and  the  cotyle- 
dons or  seed-lobes  connected  with  it,  and  which,  in  the 
commencement  of  its  growth,  afford  it  nutrition  and  sup- 
port. In  the  germ  two  parts  are  discoverable, — the  radicle, 
which  descends  from  the  seed  forming  tile  root,  and  the 
plumula  forming  the  stem  ; and  it  is  connected  with  the 
cotyledons  by  slender  vessels,  which  ramify  through  their 
substance,  and  unite  at  their  connection  with  the  germ„ 
When  the  seed  is  planted  in  the  ground,  or  placed  in  other 
situations  favourable  to  its  vegetation,  it  absorbs  moisture, 
and  swells  ; the  radicle  shoots  out,  and  the  substance  of  the 
seed-lobes  soon  suffers  a change  in  its  qualities,  the  fecula  of 
which  it  principally  consists  being  converted  into  sugar- 
This  constitutes  the  vegetable  function  of  germination,  the 
first  stage  in  the  process  of  vegetation. 

The  presence  of  oxygen  is  indispensable  to  germination- 
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If  seeds  moistened  are  placed  in  vacuo , or  if  they  are  con-’ 
fined  in  nitrogen  or  hydrogen  gas,  or  carbonic  acid,  they 
do  not  germinate  ; when  immersed  in  water  from  which 
the  atmospheric  air  is  excluded,  they  swell,  and  the  ra- 
dicle is  formed,  but  vegetation  makes  no  farther  progress  ; 
the  life  of  the  germ  is  soon  lost,  and  the  chemical  decom- 
position of  the  matter  of  the  seed  takes  place.  But  if  atmos- 
pheric air  or  oxygen  be  admitted,  germiifation  soon  com- 
mences, and  if  the  seed  be  placed  in  a favourable  situation, 
proceeds  to  vegetation.  Humidity  is  essential  to  the  pro- 
cess, probably  by  favouring  the  developement  and  action 
of  the  minute  vessels  of  the  embryo  plant,  as  well  as  the 
chemical  changes,  which  convert  the  substance  of  the  seed 
into  matter  adapted  to  its  nutrition.  A certain  tempera- 
ture, always  superior  to  the  freezing-point  of  water,  is  also 
necessary,  and  probably  operates  both  by  favouring  these 
changes,  and  exciting  the  vital  powers  of  the  germ.  Light 
rather  retards  the  process,  and,  indeed,  under  full  expo- 
sure to  light,  seeds  do  not  germinate,  or  if  they  do,  the 
plant  on  its  evolution  is  extremely  weak.  When  placed  in 
the  soil,  therefore,  seeds  are  under  the  most  favourable 
situation  for  germination.  The  direct  action  of  light  is 
excluded,  from  the  looseness  of  the  soil  the  air  is  admitted, 
the  due  degree  of  humidity  is  supplied,  and  the  tempera- 
ture is  preserved  uniform. 

During  germination,  the  oxygen  of  the  air  is  consumed, 
and  carbonic  acid  is  formed ; the  volume  of  the  air  is  not  sen- 
sibly altered ; and  as  in  the  change  of  oxygen  by  combina- 
tion with  carbon  into  carbonic  acid,  there  is  no  change  of 
volume,  tiiis  proves,  that  no  part  of  the  oxygen  consumed 
in  germinatien  is  absorbed  by  the  seed,  but  that  it  merely 
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combines  with  a portion  of  its  carbon.  Some  chemists 
have  supposed,  however,  that  a portion  of  water  is  de- 
composed during  the  process,  the  oxygen  and  hydrogen  of 
which  combines  with  the  elements  of  the  fecula  of  the  seed- 
lobes. 

By  the  chemical  changes  which  occur  in  germination,  the 
fecula  of  the  seed  is  converted  into  sugar.  This  appears  de- 
signed to  serve  as  nourishment  to  the  young  plant;  being  so- 
luble in  water,  it  is  absorbed  in  a state  of  solution  by  the  ves- 
sels of  the  radicle,  which  begin  to  expand  ; and  a supply  of 
nutritious  matter  is  thus  afforded  independent  of  any  ex- 
ternal source,  until  the  powers  of  the  plant  are  developed. 
The  necessity  of  this  is  shewn  by  the  fact,  that  if  the  seed- 
lobes  are  removed  from  the  germ,  the  latter,  when  plant- 
ed in  the  earth,  either  does  not  vegetate,  or  does  so  very 
imperfectly,  and  soon  dies. 

When  germination  has  been  established,  the  powers  of 
the  plant  are  excited,  and  its  parts  expand.  The  radicle 
first  shoots  out,  penetrates  the  soil, -and  increases  in 
length  ; the  plumula  rises  from  the  ground  to  form  the 
stem,  and  the  different  organs  are  successively  unfolded, 
according  to  the  structure  of  the  plant.  Nutritious  matter 
is  now  supplied  to  it  from  without,  and  from  changes  in.  the 
substances  it  receives,  all  its  products  are  formed. 

Air  and  water  are  the  principal  vehicles  of  the  food  of 
plants.  The  soil,  except  with  regard  to  some  vegetables, 
affords  little  directly  nutritious,  and  scarcely  any  of  the 
earthy  matter,  it  has  been  sufficiently  demonstrated,  is  ab- 
sorbed. The  earth  in  which  a plant  is  made  to  grow,  it 
has  been  shewn  by  experiment,  suffers  little  diminution  of 
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weight,  though  the  plant  placed  in  it  has  increased  great- 
ly in  bulk.  Many  vegetables  grow  when  supplied  with 
pure  water  alone.  Parasitic  plants,  and  those  which  grow 
on  stones  or  rocks,  can  derive  no  nourishment  from  the 
earth  ; and  the  analysis  of  vegetable  matter  has  shown,  that 
their  solid  substance,  and  all  their  products,  are  formed 
of  principles  very  different  from  those  of  which  the  soil  is 
composed. 

Water  enters  largely  into  the  composition  of  vegetable 
matter  ; but  it  has  also  been  concluded  that  it  suffers  de- 
composition in  the  process  of  vegetation,  and  that  its  hy- 
drogen, with  at  least  a part  of  its  oxygen,  contribute  to  the 
formation  of  the  vegetable  products.  The  conclusion  has 
been  drawn  partly  from  the  consideration,  that  in  plants 
•supported  on  air  and  water  alone,  there  is  no  other  source 
whence  the  hydrogen  so  abundant  in  their  composition, 
cambe  derived,  and  partly  from  the  fact  that  vegetables 
growing  in  water  exhale  oxygen,'  at  least  when  exposed  to 
the  action  of  solar  light,  the  source  of  which,  it  is  inferred, 
can  only  be  the  water  which  the  light  enables  the  plant  to 
decompose. 

From  the  atmospheric  air,  plants,  it  has  been  supposed, 
may  receive  carbonic  acid,  and  this  decomposed  may  be 
the  source  of  the  carbon,  which,  with  hydrogen  and  oxy- 
gen, is  the  basis  of  their  composition.  In  support  of  this, 
experiments  have  been  stated  by  T.  Saussurc  and  others, 
proving  that  in  an  atmosphere  composed  partly  of  carbonic 
acid,  growing  plants  cause  a quantity  of  it  to  disappear, 
and  that  when  supplied  even  with  the  small  portion  ol  car- 
bonic acid  contained  in  common  atmospheric  air,  they 
grow,  and  increase  their  quantity  of  carbon,  which 
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they  do  not  do  if  the  carbonic  acid  of  the  air  has  been 
previously  abstracted.  This,  however,  must  be  regarded 
as  doubtful,  if  the  fact  be  established,  that  the  immediate 
result  of  vegetation  is  to  consume  the  oxygen  of  the  air, 
and  to  convert  it  into  carbonic  acid.  The  influence  of  the 
nitrogen  of  the  atmosphere  in  vegetation  appears  to  be 
negative ; that  of  the  oxygen  must  remain  doubtful,  until 
it  is  clearly  established  whether  the  consumption  of  oxygen 
and  formation  of  carbonic  acid,  or  the  decomposition  oi 
carbonic  acid  and  evolution  of  oxygen,  are  the  changps 
connected  with  the  growth  of  plants. 

It  must  be  admitted,  oh  the  general  view  of  the  subject, 
that  in  the  present  state  of  our  knowledge,  there  are  con- 
siderable difficulties  in  accounting  for  the  nutrition  and 
growth  of  those  plants  which  are  supplied  with  air  and 
water  alone, — an  admission,  however,  which  will  be  more 
easily  received,  since  the  recent  discoveries  in  chemis- 
try abundantly  demonstrate  that  we  know  little  of  the 
ultimate  principles  of  bodies,  and  confirm  the  suspicion, 
that  those  which  in  our  speculations  have  been  regarded 
as  simple,  are  probably  very  remote  from  an  elementary 
state. 

It  is  farther  to  be  skated,  however,  that  it  has  been 
questioned  whether  plants  do  grow  and  flourish,  when  sup- 
plied with  air  and  water  alone.  There  is,  it  has  been 
contended,  a mere  developement  of  parts  without  any 
actual  increase  of  vegetable  matter,  unless  where  other 
sources  have  existed  whence  nutrition  could  be  conveyed. 
Thus,  Hassenfratz  has  affirmed,  that  in  plants  which  ex- 
pand when  merely  supplied  witlv  water,  as  hyacinths,  kid- 
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ney-beans,  or  cresses,  the  vegetation  is  in  this  situation 
always  imperfect,  and  the  plants,  when  dried,  afford  no 
more  carbon  than  what  is  contained  in  the  seed  or  bulb. 
Saussure  remarks,  that  these  and  similar  plants,  if  sup- 
plied merely  with  distilled  wdter,  though  they  advance  so 
far  in  growth,  do  not  come  to  maturity.  And  Knight 
has  remarked,  that  bulbous  and  tuberose  roots  contain 
within  them  the  matter  which  serves  for  the  developement 
of  their  parts,  and  their  growth,  to  a certain  extent.  In 
the  celebrated  experiment  of  Van  Helmont,  in  which  a 
small  willow  was  placed  in  a vessel  containing  dried  earth, 
and  supplied  with  water  for  several  years,  until  it  had 
grown  to  such  a size  as  to  have  increased  in  weight  from 
5 to  169  pounds,  though  the  earth  had  lost  only  two  ounces 
of  weight,  and  in  other  experiments  of  a similar  kind,  it 
has  been  contended,  that  sources  of  fallacy  exist,  particu- 
larly in  the  foreign  matter  conveyed  by  the  water  with 
which  the  plant  was  supplied. 

It  may  be  true,  that  in  many  plants  vegetation,  in  the 
first  stages  of  their  growth,  pay  be  little  more  than  an 
expansion  of  their  substance  by  the  operation  of  humidity, 
and  the  vital  powers  of  the  plant ; and  it  is  also  not  to  be 
doubted,  that  there  are  many,  tliff  growth  of  which  is  im- 
perfect unless  they  receive  nutritious  matter  from  the  soil. 
But  still  these  facts  are  insufficient  to  invalidate  the  conclu- 
sion, that  vegetation  may  be  supported  by  air  and  water 
alone,  and  that  many  plants  supplied  with  these  will  flou- 
rish, and  form  their  peculiar  products. 

1 his  conclusion  is  in  fact  established,  if  we  attend  mere- 
ly to  the  circumstances  connected  with  the  growth  of  a 
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large  vegetable,  as  of  any  of  our  common  trees.  Its  loots 
stretch  to  no  great  extent  or  depth  in  the  soil,  and  that 
soil  does  not  require  to  be  renewed,  or  to  receive  any  sup- 
ply of  manure.  Nay,  frequently  the  situation  is  such, 
that  nothing  is  afforded  but  a support  by  which  the  plant 
is  exposed  to  the  air,  and  occasionally  supplied  with  water. 
Yet  the  growth  of  the  tree  advances,  its  solid  matter  in- 
creases, and  in  many  of  them  much  vegetable  matter  is 
annually  lost  in  the  fruit  and  foliage.  It  is  obvious,  that 
the  portion  of  soil  with  which  the  plant  can  be  supposed 
to  communicate  could  not  have  contained  the  mattei  fiom 
which  this  is  derived,  arid  there  is  no  external  supply  but 
from  water  and  atmospheric  air. 

There  are,  however,  many  vegetables  which  require 
other  nutritious  substances  for  their  support  and  growth. 
This  is  proved  by  the  most  familiar  facts  in  agriculture. 
Many  vegetables  flourish  only  in  certain  soils  ; those  which 
require  a rich  soil  vegetate  only  feebly  when  made  to  grow 
in  a poorer,  and  many  exhaust  that  in  which  they  grow, 
so  that  it  requires  to  be  renewed  by  manure. 

The  two  series  of  facts  on  this  subject  apparently  op- 
posed to  each  other,— one  proving  that  vegetables  grow 
when  supplied  with  air  and  water  alone,  the  other  equally 
proving  that  vegetation  under  such  circumstances  is  im- 
perfect, and  that  a supply  of  matter  more  directly  nutri- 
tious is  required, — perhaps  admit  of  being  reconciled.  In 
plants  which  expand  rapidly,  and  soon  proceed  to  matu- 
rity, the  aid  of  nutritious  matter  may  be  required  to 
bring  them  to  perfection  ; the  development  of  their  parts 
may  so  far  exceed  the  slow  supply  of  principles  which  they 
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can  assimilate  from  water  and  atmospheric  air,  that  they 
decay  before  their  vegetation  under  such  circumstances 
can  be  completed.  But  in  plants  which  grow  more  slowly, 
air  and  water  may  afford  a sufficient  supply.  It  is  accord- 
ingly those  vegetables  which  grow  with  most  rapidity,  and 
which  afford  the  largest  produce  of  seed  or  fruit  compared 
with  the  plant  at  the  commencement  of  its  growth,  that 
require  a rich  soil.  Such  are  those  plants  which  are  cul- 
tivated for  the  nourishment  of  animals. 

Of  the  substances  which  contribute  to  the  growth  of 
vegetables  besides  air  and  water,  the  most  important  is  ve- 
getable or  animal  matter  in  a state  of  decomposition. 
This  constitutes  the  richness  or  fertility  of  a soil  ■,  and  its 
operation  probably  arises  partly  from  its  affording  matter 
already  assimilated  to  the  nature  of  the  vegetable,  which'  is 
directly  absorbed,  dissolved  or  suspended  in  water,  and 
partly  from  the  clastic  products  evolved  during  its  slow  de- 
composition, which  contain  the  principles  required  for  ve- 
getable nutrition  in  comparatively  a condensed  state,  ;and 
which  may  also  enter  the  vegetable  by  absorption,  either 
in  the  elastic  form,  or  imbibed  by  the  water  of  the  soil. 

Besides  this  species  of  manure,  which  is  perhaps  alone 
directly  nutritious,  there  are  others  scarcely  less  useful, 
which  appear  to  operate  either  by  accelerating  the  decom- 
position of  vegetable  and  animal  matter,  or  by  exciting 
the  plant  to  more  vigorous  action.  Such  is  lime,  the  uti- 
lity of  which  is.  sufficiently  established,  both  in  increasing 
the  products  of  vegetation,  and  improving  their  quality. 
The  theory  ot  its  operation  cannot  be  said  to  be  tally  un- 
derstood i it  may  in  part  act  by  its  intermixture  with  the 
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other  earths  composing  the  soil,  giving  those  qualities 
most  favourable  to  vegetation  which  depend  on  its  cohe- 
sion ; it  may  also  stimulate  the  absorbent  vessels  of  the 
root ; it  may,  either  in  its  entire  state,  or  in  that  of  its 
elements,  enter  into  the  composition  ol  the  vegetable  pio- 
ducts  ; but  its  principal  operation  probably  is  that  of  ac- 
celerating, by  its  chemical  action,  the  decomposition  of 
matter  which  would  otherwise  remain  inert : hence  its  uti- 
lity is  greatest  in  soils  abounding  with  vegetable  and  ani- 
mal matter  ; and  when  this  is  exhausted,  less  advantage  is 
derived  from  it,  until  this  species  of  manure  is  supplied. 
It  acts  most  powerfully  in  its  pure  state,  though  similar 
advantages  are  derived  from  it  to  a certain  extent,  when 
it  is  combined-with  carbonic  or  sulphuric  acid. 

The  nature  of  the  soil,  with  regard  to  its  earthy  and 
metallic  ingredients,  has  likewise  an  important  influence 
on  vegetation.  These  may  have  a diversity  of  effect  in 
exciting  the  actions  of  the  vessels  of  the  roots  ; if  absorbed 
even  in  sparing  quantity,  they  may  have  a similar  effect 
on  other  organs  of  the  plant ; and  it  is  obvious  that  they 
must  differ  in  the  mechanical  support  they  afford,  in  the 
facility  with  which  they  allow  the  roots  to  extend,  and  in 
the  force  with  which  they  absorb  water,  and  retain  it.  As 
these  qualities  must  be  various  in  their  relation  to  different 
plants,  some  requiring  a more  firm  support,  or  a more 
ample  supply  of  humidity  than  others,  it  is  not  possible  to 
determine  exactly  what  constitutes  a well-constructed  soil. 
Experiments  made  by  Tillet  on  the  comparative  powers  of 
various  earthy  mixtures  in  sustaining  the  vegetation  of 
those  plants  which  are  cultivated  for  nourishment,  such  aa 
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wheat,  have  shewn  that  there  is  a considerable  latitude  in 
this  respect, — the  plants  flourishing  in  mixtures  of  very 
different  kinds.  Giobert  has  also  given  the  analysis  of 
soils  actually  barren  and  fertile,  whence  it  appears  that  a 
large  proportion  of  siliceous  earth  is  useful.  But  all  such 
observations  are  necessarily  limited,  as  the  qualities  of  the 
soil  are  to  be  compared,  not  only  with  regard  to  the  parti- 
cular vegetables  it  supports,  but  according  to  the  nature 
of  the  subsoil,  the  declivity,  and  the  humidity  and  tempe- 
rature of  the  climate.  When  there  is  an  excess  of  argil 
or  clay,  water  is  imbibed  slowly,  but  is  strongly  retained ; 
and  in  drying,  the  mass  hardens  and  contracts.  A larger 
proportion  of  silex,  in  a state  of  division  more  or  less 
fine,  gives  a greater  degree  of  porosity;  lime  corrects  an 
excess  of  either  quality  ; and  much  of  the  excellence  of 
the  soil  probably  depends,  not  only  on  the  proportions, 
but  on  the  intimate  and  uniform  mixture  of  the  ingre- 
dients, and  the  degree  of  comminution  to  which  they  are 
reduced.  A fertile  soil,  analysed  by  Mr  Davy,  was  found 
to  be  composed  in  1 00  parts  of  1 1 of  carbonate  of  lime, 
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25  of  siliceous  sand,  45  of  finely  divided  clay,  9 of  ani- 
mal and  vegetable  matter,  4 of  water,  and  a little  phos- 
phate of  lime. 

Lastly,  in  the  process  of  vegetation,  the  influence  of 
heat  and  light  is  conspicuous.  Both  operate  probably  by 
exciting  the  actions  of  vegetables  connected  with  their  vi- 
tality ; and  from  the  change  to  which  solar  light  gives  rise 
in  the  reciprocal  action  between  the  growing  plant  and  the 
atmosphere,  it  is  obvious,  that  it  also  in  part  acts  as  a 
chemical  power.  Its  influence  is  well  .marked  in  the 
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changes  which  plants  suffer  when  they  are  secluded  from 
light ; they  become  of  a pale  colour,  which  soon  changes 
to  green  when  the  light  is  admitted.  This  action  is  prin- 
cipally exerted  on  the  sap  circulating  through  the  leaves, 
and  it  is  accordingly  at  the  margin  of  the  leaf  that  the 
change  of  colour  first  appears. 

Such  are  the  circumstances  most  materially  influencing 
vegetation ; and  considering  the  operation  of  all  of  them, 
the  following  may  be  presented  as  the  theory  of  the  pro- 
cess which  the  present  state  of  our  knowledge  suggests.  Re- 
garding germination  as  its  first  stage,  the  seed  exposed 
to  atmospheric  air  expands ; and  the  farinaceous  matter, 
by  the  action  of  the  oxygen  of  the  air,  is  converted  into 
sugar,  which  serves  as  food  to  the  infant  plant.  Its  or- 
gans are  gradually  unfolded,  and  its  nourishment  received 
from  a different  source  ; water,  pure,  or  holding  vegetable 
and  animal  matter  in  solution,  is  absorbed  by  the  roots  ; 
and,  in  a soil  containing  decomposing  vegetable  and  ani- 
mal matter,  different  aerial  fluids  are  received,  and  min- 
gled with  the  sap.  This,  in  its  progress  through  the  root, 
dissolves  even  part  of  the  vegetable  matter ; and  from  this, 
the  plant,  in  the  first  stages  of  its  growth,  is  better  enabled 
to  form  its  products.  It  is  brought  to  the  leaves  of  the  ve- 
getable, and  presented  under  an  extensive  surface,  cover- 
ed with  a very  thin  membrane,  to  the  action  of  the  air  and 
light;  part  of  its  water  transpires;  carbonic  acid,  and 
other  clastic  fluids  from  the  atmosphere,  are  perhaps  ab- 
sorbed ; and,  by  the  action  of  the  vessels,  assisted  by  the 
chemical  agency  of  light,  new  combinations  are  establish- 
ed, and  the  proper  juice  of  the  plant  is  formed.  T his  is 
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conveyed  by  the  footstalk  of  the  leaf,  and  by  vessels  pro- 
ceeding  downwards  through  the  bark,  or  between  it  and 
the  wood  : it  is  deposited  in  different  parts,  or  is  still  far- 
ther changed  in  its  progress, — changes  from  which  the 
peculiar  vegetable  products  are  formed. 

From  the  substances  conveyed  to  the  plant  from  the  air, 
water,  and  soil,  must  no  doubt  be  derived  all  the  elements 
of  which  its  products  are  formed.  But  in  the  uncertain 
state  of  our  knowledge  with  regard  to  what  principles  are 
truly  elementary,  it  is  perhaps  in  vain  to  attempt  to  trace 
with  certainty  the  source  of  those  ultimate  principles  which 
the  rentable  analysis  affords.  There  are  found  in  the 
prod  nets  of  the  vegetable  kingdom,  though  in  very  diffe- 
rent proportions,  oxygen,  hydrogen,  nitrogen,  carbon,  sul- 
phur. phosphorus,  the  fixed  alkalis,  lime,  magnesia,  ar- 
gil, and  silex,  and  several  metals,  particularly  iron,  man- 
ganese, and,  as  it  has  likewise  been  affirmed,  gold.  With 
regard  to  oxygen  and  hydrogen  there  is  no  difficulty,  af* 
these  are  abundantly  supplied  from  water.  From  a com- 
mon soil,  containing  always  vegetable  and  animal  matter, 
carbon  may  be  derived,  but  in  plants  growing  merely  in 
water  and  air,  there  is  the  difficulty,  as  has  been  already 
stated,  if  we  do  not  admit  of  the  absorption  of  carbonic 
acid  from  the  atmosphere,  of  accounting  for  the  oxygen 
of  the  carbon  necessary  to  their  growth,  and  still  more 
for  the  larger  quantity  disengaged  in  the  state  of  carbonic 
acid,  when  the  plant  is  not  under  the  action  of  light.  Ni- 
trogen, if  it,  is  not  a compound  body,  may  be  derived  from 
the  atmosphere.  With  regard  to  the  other  substances 
present  in  more  sparing  quantity,  little  can  be  said  with 
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precision  ; they  may  in  general  be  derived  from  the  soil ; 
and  the  researches  of  Saussure  have  established  some  im- 
portant facts  in  proof  that  the  saline,  earthy,  and  metallic 
ingredients  have  this  origin  ; at  the  same  time  it  is  sufficient- 
ly possible  that  all  these  principles  may  be  compounds  of 
elements  more  subtle,  at  present  unknown  to  us,  and  may 
be  formed  in  the  processes  of  vegetation  ; or  the  opposite 
supposition  is  equally  probable,  that,  whether,  simple  or 
compound,  they  may  be  evolved  from  the  decomposition 
of  others,  which  our  imperfect  knowledge  has  ranked  as 
elementary. 


CHAP.  II. 


or  THE  PROXIMATE  PRINCIPLES  OE  VEGETABLES'. 

The  products  of  vegetation  are  extremely  diversified ; 
but  in  submitting  them  to  chemical  arrangement,  they  are 
reduced  to  a few  species,  named  the  Proximate  Principles 
of  Vegetables.  These  are  distinguished  entirely  by  che- 
mical characters  ; the  substances  arranged  under  each  spe- 
cies, may  differ  somewhat  in  their  sensible  qualities,  but 
if  they  have  that  agreement  in  chemical  properties  which 
fixes  the  species,  these  less  important  differences  are  dis- 
regarded, as  indeed  they  do  not  fall  under  the  investiga- 
tion of  the  chemist, 


318 


PROXIMATE  PRINCIPLES 


These  proximate  principles  exist  in  the  different  parts  oT 
plants,  and  in  their  products,  either  insulated,  or  in  states 
of  mixture  or  combination ; and,  in  the  latter  case,  are 
separated  by  processes  founded  on  their  chemical  relations, 
as  by  the  action  of  different  solvents,  or  by  the  applica- 
tion of  heat.  If  the  leaves  of  a plant,  for  example,  are 
macerated  with  water,  its  entire  substance  is  not  dissolved, 
but  it  may  yield  a matter  soluble  in  water  ; if  distilled,  a 
volatile  principle  may  be  obtained  ; if  macerated  in  alko- 
hol,  a portion  of  matter  may  be  extracted,  which  the  wa- 
ter had  not  dissolved  ; and  by  multiplied  operations  of  this 
kind,  a number  of  distinct  substances  are  obtained. 

The  diversities  of  properties  in  these  principles,  and 
from  which  the  discrimination  between  them  is  established, 
arise  from  differences  in  their  chemical  constitution.  Still 
they  have  all  the  general  characters  of  vegetable  matter, 
and  in  their  analysis  afford  similar  products,  diversified 
principally  in  the  proportions. 

This  analysis  is  effected  in  various  modes.  The  most 
general  is  the  analysis  by  heat,  and  this  has  been  much 
prosecuted  by  chemists.  When  a vegetable  substance  is 
exposed  to  a temperature  superior  to  212°,  after  the  su- 
perfluous water  is  dissipated,  its  decomposition  commences, 
horn  the  re-action  of  its  elements,  and  the  new  combina- 
tions into  which  they  pass.  A dark-coloured  empyreu- 
matic  oil  distils  over  with  a portion  of  an  acid  liquor ; car- 
bonic acid,  carbonic  oxide,  and  carburetted  hydrogen 
gases  arc  disengaged^  and  a quantity  of  charcoal  remains, 
frequently  containing  portions  of  saline,  earthy,  or  me- 
tallic matter.  These  products  are  not  those  which  existed 
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‘in  the  vegetable  matter,  but  are  compounds,  arising  from 
the  decomposition  of  the  proximate  principle,  and  the 
union  of  the  elements  in  new  modes  and  proportions.  The 
oil  is  produced  by  the  union  of  part  of  the  hydrogen  with 
part  of  the  carbon  of  the  vegetable  matter  ; the  acid,  from 
the  combination  of  another  portion  of  carbon  and  hydro- 
gen with  oxygen ; the  carbonic  acid,  oxide,  and  carbu- 
rettcd  hydrogen,  are  similar  products  ; and  the  remaining 
charcoal  arises  from  the  excess  of  carbon  not  spent  in  the 
formation  of  these  compounds. 

From  such  an  analysis,  however,  little  is  learned  of  the 
nature  of  the  matter  subjected  to  it ; for  although  the  pro- 
ducts can  be  collected,  and  their  composition  may  be  as- 
certained, 3ret  experiments  of  this  kind  are  liable  to  sources 
of  error  nearly  inappreciable.  From  slight  variations  in 
the  state  of  the  matter  analysed,  with  respect  to  humidity, 
or  from  still  slighter  variation  of  temperature  in  conduct- 
ing the  experiment,  important  differences  in  the  results 
will  be  produced  } and  we  are  likewise  unable  to  ascertain 
what  quantities  of  the  products  of  the  analysis  have  pre- 
existed in  the  vegetable  matter,  or  have  been  actually 
formed.  Wc  acquire,  therefore,  only  some  general  in- 
formation. If  much  acid  has  been  afforded  by  the  analysis, 
we  conclude  that  the  matter  analysed  has  contained  a 
large  proportion  of  oxygen,  as  this  principle  enters  so 
largely  into  the  composition  of  acids.  If  much  oil  has 
been  obtained,  we  conclude,  by  a similar  mode  ol  reason- 
ing, that  hydrogen  has  been  an  abundant  element  of  the 
matter  analysed.  From  the  production  df  ammonia  or 
prussic  acid,  we  infer  the  existence  of  nitrogen:  from  the 
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quantity  of  charcoal,  we  draw  some  conclusion  as  to  tlie 
quantity  of  carbon  existing  in  the  vegetable ; and  by  burn- 
ing this  charcoal,  we  discover  the  quantities  and  kinds  of 
earthy  and  metallic  mater  which  it  has  contained. 

Sometimes  vegetable  substances  are  analysed,  by  heating 
them  in  contact  with  atmospheric  air,  so  as  to  excite  com- 
bustion ; and  from  the  products,  determining  the  nature 
and  proportions  of  the  constituent  principles.  Certain 
principles  can  likewise  be  analysed  by  subjecting  them  to 
spontaneous  decomposition,  as  saccharine  matter,  for  ex- 
ample, by  the  process  of  fermentation  : and,  lastly,  vege- 
table analysis  may  in  some  cases  be  effected  by  the  agency 
of  the  nitric  acid,  which  produces  oxygenation  of  the  ve- 
getable matter,  and  by  the  product  indicates  the  principles 
of  which  it  has  been  formed. 

The  proximate  principles  of  vegetables,  or  those  com- 
pounds of  their  ultimate  principles  which,  by  mixture  or 
combination,  form  every  kind  of  vegetable  matter,  have 
been  reduced  to  the  following  species : Mucilage  or  Gum, 
Fecula,  Sugar,  Gluten,  Albumen,  Jelly,  Fixed  Oil,  Vo- 
latile Oil,  Camphor,  Wax,  Resin,  Extract,  Cautchouc, 
Tannin,  Acids,  and  the  Ligneous  Fibre.  To  these  have 
been  added  some  principles  more  subtle,  or  more  doubtful, 
as  the  Aroma-Narcotic  Principle,  and  Colouring  Matter, 
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Sict.  I. — Mucilage , or  Gum. 

This  is  one  of  the  most  abundant  proximate  principles 
of  vegetable  matter,  and  it  seems  to  be  the  first  product  of 
the  changes  which  the  sap  suffers  from  the  action  of  the 
vessels.  It  is  found  in  all  young  plants,  in  their  roots, 
stalks,  and  leaves,  and  particularly  in  their  seeds  ; and  it  is 
often  present  in  such  large  quantity  in  their  vessels  as  to  be 
discharged  by  spontaneous  exudation.  It  is  also  frequent- 
ly combined  with  other  proximate  principles,  from  which 
it  may  be  separated  ; but  its  characters  are  best  taken  from 
those  varieties  of  it  in  which  it  exists  in  a pure  form. 

Pure  gum  is  usually  in  small  fragments,  brittle,  and  se- 
mi-pellucid, of  a white,  yellowish,  or  reddish  colour.  It  is 
inodorous  and  insipid,  neither  fusible  nor  volatile,  and  not 
inflammable  in  the  strict  sense  of  the  term,  for  although 
it  is  charred  when  heated  under  exposure  to  the  air,  it 
scarcely  burns. 

Gum  is  soluble  in  water,  either  cold  or  warm,  in  every 
proportion,  forming  a thick  viscid  solution,  which  is  nam- 
ed Mucilage,  and  from  which  the  gum  may  be  obtained 
by  evaporation  in  its  original  state. 

A chemical  character  serving  to  distinguish  gum,  is  its 
perfect  insolubility  in  alkohol ; it  is  even  precipitated  by 
this  re-agent  from  its  watery  solution.  It  is  likewise  inso- 
luble in  ether,  or  in  oils  ; but  triturated  with  oils,  it  diffuses 
them  in  water. 

Gum  suffers  decomposition  from  the  more  powerful  acids. 
Sulphuric  acid  dial’s  it,  causing  at  the  same  time  a forma- 
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tion  of  water  and  acetic  acid.  Nitric  acid  causes  the  for- 
mation of  oxalic,  malic,  and  saccho-lactic  acids,  in  pro- 
portions varying  according  to  the  concentration  of  the 
acid.  Oxy-muriatic  acid  converts  it  almost  entirely  into 
citric  acid.  Muriatic  acid  dissolves  it  without  forming 
from  it  any  new  product. 

The  alkalis  and  alkaline  earths,  in  solution  in  water, 
dissolve  gum  without  producing  on  it  much  change.  Some 
of  the  earthy  and  metallic  salts  give  rise  to  changes  wrhich 
serve  to  distinguish  it ; in  particular,  the  acetate  of  lead 
throws  down  a copious  white  precipitate  from  its  solution, 
while  the  super-acetate  has  no  sensible  effect  on  it,  and  a 
solution  of  silicated  potash  renders  it  quite  opaque. 

Gum  is  decomposed  by  heat,  affording  a large  quantity 
of  pyro-mucous,  or  empyreumatic  acetic  acid,  with  em- 
pyreumatic  oil,  carbonic  acid,  and  carburetted  hydrogen 
gases,  ammonia,  and  a residuum  of  charcoal,  which  affords 
a little  phosphate  of  lime.  The  principal  elements  of  these 
products  are  carbon,  hydrogen,  and  oxygen  ; and  from  the 
large  quantity  of  acid  produced,  the  proportion  of  oxy- 
gen may  be  inferred  to  be  large.  The  production  of  am- 
monia indicates  the  presence  of  nitrogen,  and  the  lime  of 
the  residual  charcoal  is  capable  of  being  discovered  by  tests 
in  gum,  being  precipitated  in  particular  from  its  solution 
by  oxalic  acid.  It  is  from  the  presence  of  lime  that  gum 
appears  to  be  incapable  of  passing  into  the  vinous  fermen- 
tation, this  earth  counteracting  that  process  ; and  it  is  tin's 
chiefly  which  distinguishes  gum  from  fecula,  another  proxi- 
mate principle  of  vegetables,  to  which  it  has  a great  re- 
semblance. 
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The  purest  gums  are  obtained  by  spontaneous  exuda- 
tion, such  are  the  gu,m-arabic  and  the  cherry-tree,  and 
plum-tree  gum.  Gum-tragacanth  differs  a little  from 
pure  gum,  particularly  in  being  imperfectly  dissolved  by 
cold  water,  though  with  boiling  water  it  forms  a very  vis- 
cid solution.  The  mucilages  extracted  by  the  maceration 
of  water  on  seeds  and  roots  which  abound  in  gummy 
matter,  present  also  some  appearances  with  re-agents  dif- 
ferent from  pure  gum, — differences,  however,  of  little  im- 
portance. 

Gum,  in  the  state  of  mucilage,  can  be  extracted  in  con- 
siderable quantity  from  a number  of  indigenous  plants, 
by  maceration  in  water,  and  a supply  of  it  has  thus  been 
procured  for  several  purposes  in  the  arts,  particularly  in 
calico-printing.  By  a slight  preparation,  too,  it  may  be 
obtained  from  the  greater  number  of  the  lichens,  these 
being  freed  from  the  outer  skin,  and  boiled  strongly  with 
water,  to  which  a small  quantity  of  carbonate  of  potash 
has  been  added,  and  the  mucilaginous  liquid  being  redu- 
ced by  evaporation  to  the  requisite  consistence. 

Gum  is  used  in  pharmacy  to  suspend  oils,  balsams,  and 
resins  in  water  ; and  in  several  arts  is  employed,  from  its 
adhesive  quality. 


Sect.  II. — Of  Fccula,  or  Starch . 

The  principle  distinguished  by  this  name,  forms  the 
principal  part  of  the  nutritive  grains  and  roots,  and  is  ex- 
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tr acted  from  them  by  the  action  of  water,  the  grain  or 
root,  after  being’cleansed,  being  bruised,  and  beat  with  the 
water  ; the  fecula  is  extracted  in  the  state  of  a powder, 
which  is  diffused  through  the  water,  and  speedily  subsides. 
Starch  is  the  fecula  of  wheat,  and  is  extracted  by  a pro- 
cess of  this  kind  ; and  other  varieties  of  it  are  obtained 
from  rye,  from  the  potatoe,  and  from  the  roots,  stems,  and 
seeds  of  a number  of  plants.  It  is  sometimes  extracted, 
even  quite  mild,  from  poisonous  or  acrid  plants,  the  acrid 
matter  being  dissolved  by  the  water,  and  thus  entirely  ab- 
stracted. 

Fecula  is  usually  in  the  form  of  a light  white  powder, 
very  soft  and  smooth  to  the  touch,  and  apparently  com- 
posed of  impalpable  brilliant  grains  ; it  is  insipid  and  in- 
odorous, though  it  sometimes  has  colour  and  taste,  from 
other  principles  which  adhere  to  it. 

The  property  characteristic  of  this^rinciple  is  insolubi- 
lity in  cold  water,  while  it  is  perfectly  soluble  in  hot  water, 
forming  a solution  viscid  or  gelatinous.  The  solution  of 
it  takes  place  when  the  temperature  is  raised  to  100°  or 
1S0°;  and  if  the  water  is  dissipated  by  evaporation,  the 
solid  matter  is  soluble  as  before.  It  is  insoluble  in  alkohol 
and  ether,  and  alkohol  precipitates  it  from  its  watery  solu- 
tion, like  gum. 

Fecula  is  capable  of  passing  into  the  vinous  fermenta- 
tion, and  of  undergoing  the  previous  change  of  conversion 
into  saccharine  matter.  This  happens  in  the  process  of 
the  germination  of  seeds,  and  it  is  from  this  property  that 
the  different  nutritive  grains  form  fermented  liquors. 

It  is  decomposed  by  heat,  blackens,  and  forms  at  length 
•a  spongy  charcoal?  and  if  heated  strongly,  burns.  The 
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products  of  its  decomposition  in  close  vessels  are  an  acid 
liquor,  which  is  diluted  empyreumatic  acetic  acid,  a little 
empyreumatic  oil,  carbonic  acid,  and  carburetted  hydro- 
gen, .and  a residuum  of  charcoal.  From  these  products 
it  may  be  inferred  to  be  a compound  of  carbon,  hydrogen, 
and  oxygen. 

The  acids  decompose  fecula  with  results  somewhat  simi- 
lar to  those  which  they  produce  on  gum.  Sulphuric  acid 
chars  it,  and  forms  water  and  acetic  acid.  Nitric  acid  con- 
verts it  into  malic  and  oxalic  acids. 

The  alkalis  appear  to  dissolve  it,  as  their  solutions  re- 
duce it  to  the  consistence  of  a jelly,  even  without  the  aid 
of  heat.  It  is  precipitated  from  its  solution  in  water  by 
acetate  of  lead,  and  nitro-muriate  of  tin,  but  not  by  sili- 
cated  potash, — a property  in  which  it  differs  from  gum. 

Fecula,  in  a number  of  its  properties,  bears  a resem- 
blance to  gum,  and  still  more  to  the  mucilages  extracted 
by  maceration  from  the  seeds  and  roots  of  plants,  and  it 
is  probably  formed  from  mucilage  in  the  process  of  vege-  , 
tation.  It  forms  the  principal  part  of  the  nutritive  seeds 
and  roots,  and  is  itself  highly  nutritious ; hence  it  is  used 
in  its  pure  state  as  an  article  of  diet,  salop,  sago,  arrow- 
root  powder,  and  cassava,  being  varieties  of  it.  Wheat 
affords  it  in  larger  quantity  thail  any  other  vegetable, 
and  in  a state  of  perfect  purity.  The  potatoe  also  affords 
a large  quantity  of  it,  and  the  starch  of  both  these  vege- 
tables is  used  for  the  adhesive  property  of  its  gelatinous 
solution. 
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A substance  obtained  in  the  form  of  a powder  from  the 
root  of  elecampane,  (Inula  helenium),  and  distinguished  as 
a peculiar  principle,  appears  to  be  merely  a variety  of  fe- 
cula,  distinguished  by  inferior  solubility  in  water,  so  that, 
although  dissolved  by  boiling  water,  the  greater  part  of  it 
separates  as  the  water  cools. 


Sect.  III. — Of  Jelly. 

The  juices  of  certain  fruits,  as  the  currant,  if  not  too 
watery,  concrete  into  a kind  of  tremulous  jelly.  The  sub- 
stance communicating  this  property  is  very  sparingly  so- 
luble in  cold  water,  while  it  dissolves  easily  in  boiling 
water,  the  solution  as  it  cools  becoming  gelatinous.  In 
this  leading  character,  therefore,  it  resembles  fecula.  As 
an  acid  usually  accompanies  it,  it  is  not  improbable  it  may 
owe  to  this  the  slight  modification  of  its  properties. 

When  procured  by  evaporation  in  a solid  state,  Vau- 
quelin  found  it  to  be  transparent.  It  is  dissolved  by  the 
alkalis,  and  in  the  dilute  acids.  Nitric  acid  converts  it 
into  oxalic  acid,  without  disengaging  from  it  any  sensible 
proportion  of  nitrogen.  It  is  precipitated  by  infusion  of 
galls.  Decomposed  by  heat,  it  affords,  along  with  the 
elastic  fluids  usually  disengaged  in  the  decomposition  of 
vegetable  matter,  much  empyreumatic  acetic  acid,  little- 
oil,  and  scarcely  any  ammonia.  * 
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It  is  from  the  presence  of  this  principle,  that  the  juice 
of  the  currant  and  other  fruits  form  a jelly  when  prepared 
with  sugar.  To  form  the  gelatinous  consistence,  it  is  ne- 
cessary that  there  should  be  a certain  proportion  between 
it  and  the  water ; by  long  boiling,  too,  the  property  is 
lost.  Hence  the  reason,  as  Vauquelin  has  remarked,  that 
in  preparing  the  preserved  jellies  of  these  fruits,  if  the 
juice  is  too  watery,  or  the  proportion  of  sugar  not  suffi- 
ciently large,  so  that  it  is  necessary  to  continue  the  boik 
jng  long,  the  gelatinous  consistence  is  not  acquired. 


Sect.  IV. — Of  Sugar. 

Sugar  is  an  abundant  vegetable  product,  mixed  fre- 
quently with  other  principles,  but  frequently  also  secreted 
in  a more  pure  form.  It  thus  exists  as  the  chief  consti- 
tuent part  of  the  sweet  juices  of  many  fruits;  and  there 
are  plants,  as  the  sugar-cane  and  the  sugar-maple,  which 
afford  it  in  large  quantity.  From  both  of  these  it  is  ex- 
tracted, and  even  from  other  plants,  for  the  numerous 
uses  to  which  it  is  applied. 

The  juice  of  the  sugar-cane,  at  a certain  state  of  matu- 
rity, is  highly  saccharine.  It  is  expressed  and  boiled,  a 
quantity  of  lime  being  added,  the  operation  of  which  ap- 
pears to  be  that  of  neutralizing  a portion  of  oxalic  acid  in 
the  juice,  which  prevents  the  concretion  of  the  sugar. 
The  juice,  after  the  proper  decoction  is  allowed  to  remain 
at  rest  until  ft  become  clear,  is  boiled  down  in  another 
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vessel,  until,  on  cooling,  the  sugar  separates  in  a concrete 
state,  a sweet  liquor  remaining,  Molasses,  which  is  drain- 
ed off.  The  saccharine  matter  thus  obtained,  being  not 
altogether  pure,  is  purified  by  boiling  its  solution  in  lime 
water,  with  the  addition  of  a quantity  of  blood  ; the  lime 
neutralizing  any  acid  that  may  be  still  present,  the  blood 
coagulating,  and  the  coagulum  entangling  the  impurities. 
The  liquor,  after  being  sufficiently  concentrated,  is  drawrn 
off,  and  run  into  inverted  conical  moulds  of  clay,  in  which 
it  becomes  concrete  *,  the  base  of  the  inverted  cone  is  then 
covered  with  clay  which  is  moistened  with  water,  and  this 
filtrating  slowly  through  the  mass,  removes  any  saccharine 
liquor  •,  the  mass  is  afterwards  strongly  dried.  By  a simi- 
lar process,  sugar  is  obtained  from  the  juice  of  the  sugar- 
maple  ; and  from  the  juice  expressed  from  the  roots  of  the 
Beet,  Parsnip,  and  some  similar  plants. 

Sugar,  when  pure,  has  a sweet  taste,  free  from  any  pe- 
culiar flavour  5 it  is  of  a white  colour,  and  appears  in 
the  mass  to  consist  of  brilliant  grains ; it  also  assumes,  in 
becoming  concrete  from  its  watery  solution,  a regular 
crystalline  form,  that  of  a rhomboidal  prism  the  crystals 
are  transparent. 

Sugar  is  soluble  in  water  ; at  the  temperature  of  50  of 
Fahrenheit  it  docs  not  require  much  more  than  an  equal 
weight.  Boiling  water  dissolves  nearly  any  quantity  of  it. 
Its  solution  is  more  or  less  viscid. 

Sugar  is  also  soluble  in  alkohol ; and  this  solution,  when 
concentrated  by  evaporation,  likewise  afibrds  crystals. 

When  exposed  to  heat,  sugar  is  blackened,  swells  up, 
snd  burns  to  a coal ; if  the  heat  is  strong,  its  combustion 
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is  attended  with  flame.  The  products  are  carbonic  acid 
and  water.  Exposed  to  heat  in  close  vessels,  it  yields  a 
considerable  quantity,  rather  more  than  half  its  weight, 
of  weak  empyreumatic  acetic  acid,  a small  quantity  of  em- 
pyreuinatic  oil,  with  carbonic  acid,  and  carburetted  hy- 
drogen gases,  the  residuum  being  charcoal.  These  pio- 
ducts  into  which  the  sugar  is  resolved,  consist  of  caibon, 
hydrogen,  and  oxygen;  and  these  maybe  stated  as  its 
ultimate  constituents.  From  the  large  quantity  of  acid 
which  its  analysis  affords,  it  appears  to  contain  more  oxy- 
gen than  any  other  vegetable  substance  that  is  not  acid. 

By  the  abstraction  of  oxygen,  sugar  is  converted  into  a 
substance  somewhat  similar  to  gum,  a change  produced  in 
it,  in  some  experiments  by  Cruickshank,  by  the  action  ot 
phosphuret  of  lime. 

Sugar  is  decomposed  by  the  acids.  Sulphuric  acid 
causes  an  evolution  of  charcoal.  Nitric  acid  is  lapidly  de- 
composed by  yielding  oxygen,  and  an  acid  is  formed,  the 
same  with  one  which  exists  native  in  vegetables,  the  oxalic 
acid,  a smaller  poition  of  another,  the  malic  being  also 
frequently  produced.  Liquid  oxy-muriatic  acid  converts  it 
into  citric  acid. 

The  alkalis  form  combinations  with  sugar,  in  which  the 
sweet  taste  is  lost,  though  it  is  restored  when  the  alkali  is 
neutralized  by  an  acid.  The  compound,  it  is  singular,  is 
not  soluble  in  alkohol,  though  both  its  ingredients  are. 
The  action  of  the  alkaline  earths  is  similar,  and  both  lime 
and  strontites  are  rendered  more  soluble  in  water  by  the 
combination.  The  compounds  have  a bitter  astringent 
taste,  and  their  solutions  are  viscid  and  tenacious. 
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Sugar  being  highly  nutritious,  is,  independent  of  its 
sweet  taste,  of  some  importance  as  an  article  of  diet.  Its. 
solution,  syrup  as  it  is  named,  is  employed  in  pharmacy  ; 
and  sugar  itself  enters  into  the  composition  of  ink,  and  of 
some  pigments  and  varnishes,  to  give  to  them  a degree  of ; 
lustre. 

Honey  is  another  vegetable  product,  similar  in  many 
of  its  properties  to  sugar  ; nor  has  any  essential  difference 
been  pointed  out  between  them,  except  the  natural  fluidity 
of  honey,  and  perhaps  its  viscosity.  A species  of  sugar 
can  be  obtained  from  honey  by  the  action  of  alkohol,  or 
by  clarifying  it  by  a moderate  heat,  and  the  action  of  car- 
bonate of  lime.  This  sugar  does  not  crystallize  so  readily 
as  common  sugar,  and  it  suffers  changes  somewhat  peculiar 
from  the  alkalis  and  earths,  effervescence  being  produced, 
and  a brown  or  black  colour  acquired.  Some  have  sup-, 
posed  it  to  be  a compound  of  sugar  and  mucilage. 

Honey  is  formed  in  the  flowers  of  plants,  and  is  al- 
ways exposed,  frequently  by  a very  complicated  organiza- 
tion, to  the  atmospheric  air.  It  has  been  supposed  to  be 
designed  in  the  vegetable  to  receive  and  retain  the  fecun- 
dating pollen  from  the  male  parts,  as  its  secretion  dimi- 
nishes or  ceases  when  the  fecundation  is  completed.  A 
number  of  insects  feed  upon  it,  and  it  is  collected  in  large 
quantity  by  the  bee. 

The  saccharine  matter  formed  in  certain  morbid  states 
of  the  animal  economy,  giving  rise  to  the  disease  named 
Diabetes,  is  very  similar  in  its  properties  to  the  sugar  q 
honey. 
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Manna  is  a concrete  juice,  which,  from  its  sweet  taste, 
may  be  judged  to  be  highly  saccharine.  It  has  similar 
properties,  and  appears  to  owe  any  peculiar  qualities  be- 
longing to  it,  to  a portion  of  extractive  or  mucilaginous 
matter  with  which  the  sugar  that  is  its  basis  is  mixed. 


Sect.  V. — Of  Gluten , Albumen,  $c. 

In  the  analysis  of  the  flour  of  wheat  by  the  affusion  o; 
water  on  the  paste  kneaded  in  the  hand,  the  saccharine 
and  mucilaginous  matter  is  dissolved,  and  the  fecula  is  car- 
ried off  diffused  in  the  water  ; there  remains  a viscuous, 
elastic  substance,  which,  from  its  resemblance  in  some 
properties  to  an  animal  product  named  Gluten,  has  ob- 
tained the  name  of  Vegetable  Gluten.  It  amounts,  apart 
from  the  water  combined  with  it  in  its  extraction,  to  a 
twelfth  part  of  the  weight  of  the  flour,  and  is  equal,  in 
the  humid  state  in  which  it  is  obtained,  to  from  a third  to 
a fifth  of  the  weight.  In  the  other  nutritive  grains,  it  is 
contained  in  much  smaller  quantity,,  and  in  some  of  them, 
as  well  as  in  the  nutritive  roots,  there  are  no  traces  of  it. 
It  appears,  however,  to  be  contained  in  the  expressed 
juices  of  some  plants. 

Gluten,  combined  with  water  in  the  state  in  which  it  is 
obtained  from  the  flour  of  wheat,  is  soft  and  ductile,  dis- 
tinctly fibrous  in  its  texture,  and  highly  tenacious  and 
elastic,  so  that  it  can  be  stretched  out  to  great  length ; 
but  when  the  stretching  force  is  withdrawn,  speedily 
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shrinks  into  its  former  dimensions.  It  is  of  a greyish  co- 
lour, and  has  scarcely  any  odour  or  taste. 

By  a moderate  heat,  the  water  contained  in  gluten  in 
this  state  is  dissipated  ; it  becomes  hard  and  brittle,  and 
is  then  not  liable  to  much  change.  But  soft  gluten  soon 
passes  into  a state  of  putrefaction  similar  to  that  which 
animal  matter  suiters,  and  there  is  a formation  of  ammo- 
nia, acetic  acid,  and  an  oily  matter.  Under  water  it  does 
not  putrefy  so  readily,  the  formation  of  acetic  acid  appa- 
rently preventing  this,  and  dissolving  a small  portion  of 
gluten  , the  decomposition,  however,  gradually  proceeds, 
and  is  at  length  marked  by  the  offensive  odour  which  dis- 
tinguishes putrefaction. 

Gluten  is  not  soluble  in  water,  unless  it  has  undergone 
a certain  degree  of  change  by  spontaneous  decomposition, 
and  even  then  the  portion  dissolved  is  very  inconsiderable. 
It  is  likewise  insoluble  in  alkohol,  unless  when  it  is  in  a 
similar  decomposed  state. 

The  action  of  the  acids  on  gluten  affords  different  re- 
sults, according  to  their  state  of  concentration,  and  the 
facility  with  which  they  yield  oxygen.  The  weaker  acids, 
particularly  the  acetic,  dissolve  it  without  producing  in  it 
much  change.  Muriatic  acid  acts  in  a similar  manner ; 
oxy-muriatic  acid  changes  it  into  a yellowish  flocculent 
substance.  Sulphuric  acid  chars  it,  and  causes  an  evolu- 
tion of  carburetted  hydrogen,  and  formation  of  ammonia 
and  acetic  acid.  Nitric  acid  disengages  from  it  nitrogen 
gas,  and  forms  oxalic  and  malic  acids. 

Gluten  is  dissolved  by  the  alkaline  solutions,  aided  by 
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heat,  suffering  at  the  same  time  a change  in  its  properties 
from  partial  decomposition. 

This  principle  is  decomposed  by  heat,  and  the  products 
yielded  by  this  decomposition  are  very  similar  to  those  from 
animal  substances.  A large  quantity  of  carbonate  of  am- 
monia is  formed,  with  empyreumatic  oil,  and  a little  prussic 
acid  ; carburetted  hydrogen  gas  is  disengaged,  and  there 
is  a residuum  of  charcoal.  The  production  of  ammonia 
indicates  the  predominance  of  nitrogen  in  its  composition  ; 
and  this  is  shewn  by  the  disengagement  of  this  gas  when 
gluten  is  acted  on  by  nitric  acid : the  large  quantity  of  oil 
farther  indicates  the  presence  of  hydrogen  in  considerable 
proportion,  while,  from  no  acid  being  produced,  it  may 
be  inferred  to  contain  little  oxygen.  Phosphorus  appears 
to  exist  in  it  in  small  quantity'. 

Gluten  thus  /ippears  to  be  strictly  analogous  in  compo- 
sition to  animal  matter.  Hence  it  adds  to  the  nutritive 
quality  of  the  grains  in  which  it  exists,  and  to  this,  in  part 
at  least,  is  to  be  ascribed  the  superiority  of  wheat.  It  com- 
municates also  that  superiority  which  the  bread  prepared 
from  wheat  has  to  that  from  the  other  grains  ; as  the  flower 
of  wheat  made  into  a paste  with  water,  forms  from  the 
presence  of  gluten  a ductile  mass,  which,  when  rendered 
porous  by  the  disengagement  of  carbonic  acid,  from  the 
slight  fermentation  excited  by  the  action  of  the  leaven,  re- 
mains after  being  baked,  light  and  spongy,  while  the  flower 
of  other  grains  does  not  undergo  this  change,  but  forms 
rather  friable  pastes. 
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From  the  juices  of  certain  plants,  those  generally  of  the 
cruciform  kind,  a flocculent  substance  separates  by  coagu- 
lation when  they  are  exposed  to  heat;  and  it  is  also  sepa-- 
rated  by  the  action  of  acids.  This  property  of  being 
coagulated  by  heat,  and  by  acids,  being  characteristic  of 
the  animal  principle  named  albumen,  the  matter  thus  se- 
parated has  been  considered  as  approaching  to  this,  and 
has  received  the  name  of  Vegetable  Albumen.  Rouelle 
long  ago  regarded  it  as  analogous  to  gluten;  and  from  the 
more  recent  observations  of  Proust,  it  appears  to  be  mere- 
ly a variety  of  it,  deprived  of  the  elasticity,  and  some  of1 
the  other  physical  properties  of  gluten  in  its  common  state,, 
from  the  nature  of  the  process  by  which  it  is  obtained. 
It  not  only  exists  in  the  cruciform  plants,  but  likewise  in 
the  grape,  apple,  and  other  fruits,  in  the  acorn,  horse-- 
chesnut,  and  other  beans ; and  it  is  supposed  to  form  the 
base  of  the  green  fecula  which  subsides  from  the  express- 
ed juices  of  a number  of  herbs. 

i 

Though  this  principle  is  probably  a variety  of  gluten, 
the  singular  fact  has  been  established,  that  there  does  exist 
in  the  vegetable  kingdom  a principle  which  has  almost 
all  the  properties  of  animal  albumen,  and  which,  of  all 
the  varieties  of  vegetable  matter,  approaches  most  nearly 
in  its  character  to  animal  substances.  It  exists  in  the  juice 
of  a plant,  the  carica  papya,  a native  of  the  Isle  of  France. 
This  juice,  when  it  issues  from  the  tree,  is  white  as  milk  ; 
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in  a few  minutes  it  coagulates,  and  a flocculent  substance 
separates,  which  floats  in  the  liquid  now  become  transparent. 
If  the  juice  be  inspissated,  it  affords  a solid  brittle  matter, 
which  attracting  humidity  from  the  air,  soon  becomes  soft. 
It  is  dissolved  easily  by  cold  water,  and  still  more  abun- 
dantly by  water  moderately  warm.  When  the  solution  is 
made  to  boil,  it  becomes  turbid,  and  coagulates  •,  alcohol 
added  to  the  cold  solution,  forms  a flocculent  precipitate  ; 
the  acids  coagulate  it  abundantly,  and  a precipitation  is 
occasioned  by  a number  of  metallic  salts.  The  solid  mat- 
ter exposed  on  burning  fuel  burns,  diffusing,  an  odour  si- 
milar to  that  from  animal  substances.  Subjected  to  de- 
structive distillation,  it  affords  carbonate  of  ammonia,  a 
thick  black  oil,  carbonic  acid,  and  carburetted  hydrogen, 
a charcoal  remaining,  difficult  of  incineration,  and  which 
affords  phosphate  of  lime.  So  far,  this  substance  has  all 
the  characters  of  animal  matter  ; it  is  farther  liable  to  pu- 
trefaction and,  subjected  to  the  action  of  nitric  acid,  it 
affords  a large  quantity  of  nitrogen  and  carbonic  acid 
gases,  prussic  and  oxalic  acids  being  also  formed. 

The  liquid  part  of  the  native  juice,  after  the  coagulum 
has  separated,  appears  still  to  retain  a portion  of  the  same 
principle  dissolved ; hence  it  is  coagulated  by  acids  and 
nlkohoi,  and  the  matter  separated  is  similar  in  appear- 
ance to  the  white  of  an  egg.  Infusion  of  galls,  too,  throws 
down  from  it  an  abundant  precipitate,  properties  charac- 
teristic of  animal  albumen.  We  cannot,  observes  Vauquc- 
lin,  by  whom  this  juice  was  examined,  regard  without  in- 
terest a substance  produced  by  a vegetable  presenting  all 
the  characters  of  animal  matter ; and  we  perceive  that  na- 
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ture  has  given  to  some  plants  the  power  of  forming  com- 
binations similar  to  those  produced  in  the  animal  system. 


To  the  same  family  with  the  substances  which  have 
been  considered  under  this  section,  probably  belongs  the 
principle  denominated  Caoutchouc,  or  Elastic  Gum. 
In  physical  properties  it  has  resemblances  to  them,  and  it 
agrees  with  them  in  approaching  in  composition  to  animal 
matter. 

This  substance  is  usually  imported  from  Spanish  Ame- 
rica in  hollow  balls  •,  is  the  inspissated  juice  of  a tree  be-  ■ 
longing  to  the  family  of  Euphorbia,  the  Haevea  Guianen- 
sis  ; the  juice  obtained  from  incisions  is  applied  in  succes- 
sive layers  over  a mold  of  clay  ; is  dried  by  exposure  to 
the  sun,  and  to  the  smoke  from  burning  fuel  ; and  when 
perfectly  dry,  the  mold  is  broken,  leaving  the  hollow 
ball.  Caoutchouc  is  not,  however,  exclusively  the  pro- 
duct of  this  vegetable,  but  is  afforded  by  a number  of  other 
plants,  natives  of  the  torrid  zone,  either  perfectly  the 
same,  or  with  qualities  little  different.  The  juice  from 
which  the  common  caoutchouc  is  obtained,  previous  to 
inspissation,  is  white  ; it  coagulates  speedily  from  exposure 
to  the  air^  the  coagulum  being  soft  and  elastic  ; alkohol 
likewise  coagulates  it,  and  oxy-muriatic  acid  throws  down 
an  elastic  precipitate. 

Caoutchouc,  in  its  solid  and  dry  state,  is  of  a close  tex- 
ture, distinctly  fibrous,  of  a light  brown  coloui,  01  some- 
times nearly  colourless  ; its  elasticity  is  such  that  it  can  be 
stretched  to  a great  extent;  and  on  removing  the  strcich- 
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'ing  force,  it  recovers  its  original  dimensions  ; its  softness 
and  pliancy  are  increased  by  heat ; and  by  the  heat  of 
boiling  water  it  is  rendered  so  soft,  that  two  slips  newly  cut 
and  pressed  closely  together  may  be  firmly  united. 

Caoutchouc  is  insoluble  in  water  ; even  when  the  water 

r 

is  boiled  on  it,  it  suffers  no  change  but  that  of  becoming 
softer  from  the  effect  of  temperature.  It  is  also  insoluble 
in  alkohol.  Sulphuric  ether,  however,  when  highly  rec- 
tified, dissolves  it,  and  by  evaporation  the  caoutchouc 
may  be  recovered  unchanged;  the  solution  takes  place 
more  readily  when  it  has  been  previously  softened  by  ma- 
ceration in  warm  water.  Nitric  ether  also  dissolves  it,  but 
produces  partial  decomposition,  probably  from  the  action 
of  the  portion  of  acid  usually  contained  in  nitric  ether. 
From  the  action  of  the  essential  oils,  aided  by  heat,  solu- 
tions are  obtained,  -which  remain  viscid  when  inspissated. 
Even  the  fixed  oils  dissolve  it  when  boiled  on  it. 

By  the  action  of  the  more  powerfnl  acids,  caoutchouc 
is  decomposed.  Sulphuric  acid  acts  very  slowly  on  it, 
however,  unless  heat  be  applied.  Nitric  acid  corrodes  and 
dissolves  it,  rendering  it  yellow,  and  changing  its  proper- 
ties. Mui*iatic  or  dilute  nitric  acid  lias  scarcely  any  sen- 
sible effect  on  it.  The  alkalis  scarcely  affect  it  in  the 
cold,  but  it  suffers  corrosion  when  boiled  in  an  alkaline  sc« 
lution. 

Caoutchouc,  exposed  to  heat,  softens  and  swells,  emit- 
ting an  odour  similar  to  that  from  animal  substances ; by 
an  increase  of  heat,  it  becomes  nearly  liquid  ; if  the  air  is 
admitted,  it  takes  fire  and  burns  with  a bright  light,  and 
much  smoke.  Decomposed  by  heat  in  close  vtack,  it  «f;> 
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fords  ammonia  with  empyreumatic  oil,  shewing  its  ana- 
logy in  composition  to  animal  matter ; this  is  likewise 
shewn  by  its  ■affording  nitrogen  gas  and  prussic  acid  when 
treated  with  nitric  acid. 

Caoutchouc,  from  its  softness,  elasticity,  and  imper- 
meability to  water,  is  applied  to  the  formation  of  catheters, 
bougies,  and  tubes  for  conveying  gases.  Its  solution  in 
oils  forms  a flexible  varnish. 

Birdlime  is  a vegetable  product,  analogous  in  its  pro- 
perties both  to  gluten  and  caoutchouc,  and  which  may, 
without  impropriety,  be  associated  with  them,  as  not  im- 
probably varieties  of  one  species.  It  resembles  gluten  in 
its  tenacity,  its  insolubility  in  water,  and  its  relations  to 
the  alkalis  and  acids ; but  it  is  less  animalized,  and  is  there- 
fore not  liable  to  putrefaction.  It  is  still  more  analogous 
to  caoutchouc  in  tenacity  and  elasticity,  fusibility,  inflam- 
mability, insolubility  in  water,  and  solubility  in  ether  ; and 
there  are  varieties  of  this  principle  obtained  from  diffe- 
rent plants,  less  elastic  and  more  viscid  than  that  from  the 
Haevea,  which  approach  therefore  very  closely  to  bird- 
lime. 

Birdlime  exudes  from  different  vegetables,  but  it  is 
usually  prepared  from  the  inner  bark  of  the  holly,  by  boil- 
ing the  bark  in  water  until  it  is  softened,  and  then  laying 
it  in  layers  covered  with  earth  and  stones  ; it  thus  suffers 
a slow  change,  and  becomes  viscid ; it  is  afterwards 
kneaded  and  beat,  any  extraneous  matter  being  removed 
by  washing  ; and  the  paste  is  kept  humid  for  several  days 
to  complete  the  change. 
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This  substance  has  a greenish  colour  and  slight  smell ; 
it  is  extremely  viscid  and  tenacious,  and  can  only  be  han- 
dled when  thoroughly  wet ; its  texture  is  fibrous,  and  has 
such  an  elasticity  that  it  can  be  drawn  to  a great  length, 
from  which,  when  the  external  force  is  withdrawn,  it  im- 
mediately contracts.  It  loses  its  viscosity  when  dried,  but 
receives  it  on  the  addition  of  water. 

Exposed  to  heat,  it  softens  and  undergoes  an  imperfect 
fusion.  Placed  on  burning  fuel,  it  burns  with  a bright 
flame,  and  with  a dense  smoke. 

It  is  insoluble  in  water.  Alkohol  does  not  dissolve  it  in 
the  cold,  but  when  boiling  a solution  is  formed,  which  be- 
comes turbid  as  it  cools,  and  from  which  a substance  is  se- 
parated having  properties  similar  to  those  of  wax.  Sul- 
phuric ether  dissolves  it  still  more  abundantly ; the  solu- 
tion is  decomposed  by  water,  and  a quantity  of  oily  mat* 
ter  is  obtained. 

The  acids,  if  diluted,  partly  soften,  partly  dissolve 
birdlime.  Concentrated  sulphuric  acid  chars  it,  and 
causes  a formation  of  acetic  acid  and  ammonia.  Nitric 
acid  heated  on  it  dissolves  it,  and  as  the  evaporation  pro- 
ceeds, deposites  a hard  brittle  mass,  which,  by  being  sub- 
jected anew  to  the  action  of  the  acid,  is  converted  into 
oxalic  and  malic  acids.  Oxy-muriatic  acid  renders  it  white, 
and  destroys  its  viscosity  ; acetic  iicid  softens  and  dissolves 
it.  The  fixed  alkalis  decompose  it,  causing  an  evolution 
of  ammonia,  and  the  formation  of  a saponaceous  com- 
pound, soluble  in  water  and  in  alkohol,  and  decomposed 
by  the  acids. 

Y3 
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Sect.  VI. — Of  Wax. 

Wax,  though  usually  obtained  as  collected  by  the  bee,- 
is  a vegetable  product.  It  is  secreted  by  a number  of 
plants,  and  the  wax  of  the  bee  was  supposed  to  be  collect- 
ed merely  by  that  insect  from  the  pollen  of  flowers, — an  opi- 
nion rendered  doubtful  perhaps  by  the  experiments  of  Hu- 
ber, which  prove  that  bees  form  wax  when  all  supply  of 
this  is  excluded,  and  when  they  are  confined,  and  fed  with 
honey  or  sugar  alone.  Still  the  existence  of  wax  as  a 
principle  of  vegetables  is  fully  established.  It  forms  the 
silvery  down  sometimes  conspicuous  on  their  leaves,  flowers, 
or  fruit.  The  Myrica  Cerifera,  or  Wax  Tree,  affords 
in  large  quantity  a product  having  all  its  qualities,  forming 
a covering  on  its  seeds  ; other  species  of  myrica  afford  the 
same  product,  and  a number  of  other  plants  afford  by  de- 
coction a similar  inflammable  concrete. 

Wax  is  solid  and  brittle,  easily  softened,  however,  and 
acquiring  tenacity  from  a very  moderate  heat ; its  colour 
is  usually  yellow  or  greenish,  but  it  can  be  rendered  white 
by  exposure  to  the  air  and  sun,  with  a slight  degree  of 
humidity,  without  any  change  in  its  qualities. 

It  melts  at  142°  of  Fahrenheit;  myrtle  wax  is  rather 
more  fusible,  melting  at  109°.  It  cannot  be  volati- 
lized without  decomposition.  The  products  of  this 
when  it  is  heated  in  close  vessels,  are  a thick  empyreuma- 
tic  oil  in  large  quantity,  a portion  of  acidulous  water,  car- 
buretted  hydrogen,  and  a residuum  of  charcoal,  indicating. 
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carbon,  hydrogen,  and  oxygen,  as  its  constituent  princi- 
ples. It  burns  with  a clear  and  bright  flame,  affording  water 
and  carbonic  acid  ; and  from  the  quantities  of  these,  La- 
voisier inferred,  that  it  consists  of  80.28  of  carbon,  with 
17.72  of  hydrogen. 

Wax  is  insoluble  in  water.  Alkohol  scarcely  acts  on  it 
in  the  cold;  but  if  boiled  on  it,  dissolves  about  a twentieth 
of  its  weight,  the  greater  part  of  which  is  precipitated  as 
the  temperature  falls.  Ether  also  dissolves  it  when  boiled 
on  it.  Myrtle  wax  is  rather  more  soluble  than  bees  wax 
in  both  fluids. 

The  alkalis,  when  boiled  in  solution  on  wax,  dissolve  ft 
portion  of  it,  and  form  an  imperfect  saponaceous  com- 
pound, soluble  in  warm,  but  sparingly  soluble  in  cold  wa- 
ter. Ammonia  exerts  a similar  action.  These  compounds 
are  decomposed  by  acids,  and  the  wax  recovered  from 
them  with  its  original  properties.  The  myrtle  wax  is  ra- 
ther more  easily  dissolved  than  bees  wax. 

The  acids  do  not  exert  much  action  on  wax.  Sulphu- 
ric acid,  when  aided  by  heat,  converts  it  into  a mass  of  a 
black  colour  ; nitric  acid  whitens  and  hardens  it. 

Wax  combines  by  fusion  with  the  volatile  and  fixed  oils, 
forming  compounds  of  intermediate  consistence.  It  ap- 
proaches to  the  fixed  oils  in  almost  all  its  properties,  differ- 
ing principally  in  its  firmer  consistence,  its  solubility  to  a 
certain  extent  in  alkohol,  and  forming  with  the  alkalis  less 
perfect  6aponacequs  compounds. 
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Sect.  VII. — Of  Fixed  Oil. 

There  exist  two  species  of  oil  in  vegetables,  agreeing 
in  the  common  properties  of  unctuosity  and  inflammabili- 
ty, but  essentially  different  in  many  of  their  chemical  qua- 
lities and  relations.  The  one,  from  being  capable  of  being 
volatilized  without  decomposition,  is  named  \ olatile  Oil $ 
the  other  is  denominated  Fixed  Oil.  The  history  of  the 
latter  is  the  subject  of  this  section. 

Fixed  oils  are  generally  contained  in  the  seeds  and  fi  uits 
of  those  vegetables  of  which  they  are  the  products,  and 
only  at  the  period  of  maturity.  They  are  extracted  by  me- 
chanical pressure, — whence  they  are  named  Expressed  Oils, 

■ or  in  some  cases  by  decoction  with  water.  They  aie  fre- 

quently impregnated  with  the  mucilaginous  or  extractive 
matter  of  the  vegetable,  whence  they  acquire  colour,  odour, 
and  taste  •,  and  if  heat  has  been  employed  to  favour  their 
extraction  by  expression,  they  acquire  acrimony,  and  suf- 
fer even  a change  in  some  of  their  chemical  properties. 
The  purest  oils’  are  those  expressed  from  the  fruit  of  the 
olive,  or  the  seeds  of  the  almond  ; others  less  pme  aie  ex- 
tracted from  lintsecd,  hempseed,  and  the  seeds  of  other 

plants. 

Fixed  oils  are  usually  fluid,  but  of  a thick  consistence,  and 
they  congeal  at  very  moderate  colds  *,  some  ate  even  natu 
rally  concrete ; when  fluid,  they  are  transparent,  colom 
less,  or  of  a yellow  or  green  tinge,  inodorous  and  insipid  ; 
they  are  lighter  than  water ; they  are  incapable  of  com- 
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billing  with  water,  and  are  scarcely  sensibly  soluble  in  al- 
koliol. 

Expressed  oil  cannot  be  volatilized  by  heat  unchanged . 
At  temperatures  below  600°  of  Fahrenheit,  they  remain 
fixed  ; nearly  at  that  temperature,  they  are  converted  into 
vapour  ; but  the  oil  thus  condensed  is  altered  in  its  proper- 
ties ; it  has  lost  its  mildness,  and  has  become  more  limpid 
and  volatile,  a portion  of  carbon  being  likewise  deposited. 
Transmitted  through  an  ignited  tube,  oil  is  converted  into 
carbonic  acid  and  carburetted  hydrogen,  with  a small 
portion  of  acid  liquor,  and  a residuum  of  charcoal. 

Exposed  to  a warm  atmosphere,  expressed  oils  gradually 
acquire  a sharp  taste  and  disagreeable  smell,  and  become 
thick.  This  change,  named  Rancidity,  is  owing  to  absorp- 
tion of  oxygen  ; and  hence  it  takes  place  sooner  when  the 
oil  is  exposed  to  oxygen  gas,  and  a large  quantity  of  the 
gas  is  frequently  absorbed.  Drying  oils,  as  those  express- 
ed with  the  aid  of  heat  are  named,  do  not  become  rancid, 
but  by  absorbing  oxygen,  are  rather  converted  into  a resi- 
nous kind  of  matter.  By  these  drying  oils  the  absorption 
of  oxygen  is  under  some  circumstances  so  rapid  as  to  give 
rise  to  spontaneous  combustion. 

At  the  temperature  of  ignition,  at  which  it  is  convert- 
ed into  vapour,  oil  burns  in  atmospheric  air  ; a large 
quantity  of  light  and  heat  being  extricated  by  its  com- 
bustion. When  the  access  of  the  air  to  the  vapour  of  the 
oil  is  not  complete,  it  burns  with  a black  smoke ; and  a 
quantity  of  carbonaceous  matter,  which  has  escaped  the 
combustion,  is  deposited.  Hence  the  utility  of  a slender 
wick,  which  draws  up  the  oil  by  capillary  attraction,  and, 


344 


OF  FIXED  OIL. 


when  kindled,  converts  it  into  vapour ; and  still  more  of 
a hollow  cylindrical  wick,  as  in  the  argands  lamp,  through 
which  an  internal  circulation  of  air  is  established,  and  the 
whole  oil  is  consumed  ; though  in  this  case  there  is  some 
loss  of  illumination,  from  the  light  from  the  internal  sur- 
face having  to  pass  through  the  flame. 

The  products  of  the  combustion  of  oil  are  water  and 
carbonic  acid.  100  parts  of  oil  produce  140  of  the  for- 
mer, and  281  of  the  latter,  combining  with  321  of  oxy- 
gen ; whence  Lavoisier  inferred,  that  oil  consists  of  79 
parts  of  carbon  and  21  of  hydrogen,  a conclusion  which 
cannot  be  regarded  as  more  than  an  approximation ; oxy- 
gen probably  enters  into  the  composition,  though  in  small 
proportion. 

Expressed  oil  is  oxidated  by  a number  of  the  acids. 
Sulphuric  acid  soon  renders  it  black ; the  oxygen  of  the 
acid  attracting  part  of  the  hydrogen  of  the  oil,  and  caus- 
ing the  deposition  of  charcoal ; and  if  heat  is  applied,  a large 
portion  of  sulphurous  acid  is  disengaged,  and  even  sulphur 
is  evolved.  Nitric  acid  renders  the  oil  thick  and  white  ; 
if  heat  is  applied,  the  action  is  more  rapid,  and  a -yellow 
colour  is  communicated,  the  oil  being  rendered  concrete. 
The  drying  oils  are  even  inflamed.  Muriatic  acid  exerts 
little  sensible  action  ; oxy-muriatic  acid  thickens  the  oil, 
and  renders  it  white. 

/ Expressed  oil  combines  with  the  alkalis,  and  when  the 
combination  is  perfect,  it  forms  soap.  If  one  part  of  oil 
be  mixed  with  half  its  weight  of  a strong  solution  of  pure 
potash  or  soda,  a thick  white  mass  is  formed,  which  can 
be  diffused  in  water,  forming  a milky-like  mixture.  It  the 
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oil  and  the  alkaline  solution  be  boiled  gently  together,  a 
more  intimate  combination  is  effected,  and  on  cooling,  a 
solid  compound  separates  from  the  liquor.  ihe  soap 
thus  prepared,  differs  according  to  the  purity  of  the  in- 
gredients. Common  soap  is  made  of  animal  oil,  or  fat, 
or  the  coarser  vegetable  oils  with  resin  ; the  finer  soaps  aie 
prepared  from  olive  or  almond  oil.  Potash  forms  a soap 
which  always  remains  soft,  soda  forms  one  that  is  more 
solid  and  firm.  Hence  either  a solution  of  carbonate  of 
soda,  from  which  the  carbonic  acid  is  absti  acted  by  lime, 
is  employed  in  the  preparation ; or  if  a solution  of  potash, 
rendered  caustic  by  the  same  operation,  be  used,  there  is 
added  towards  the  end  of  the  boiling,  a quantity  of  sea- 
salt,  the  soda  of  which,  being  in  part  evolved,  has  the 
same  effect.  The  cleansing  property  of  soap  depends  on 
its  alkali  •,  and  although  the  detergent  power  of  this  is 
weakened  by  the  combination  with  the  oil,  advantage  is 
gained  from  its  softness  and  smoothness,  and  acting  less  on 
the  cloth. 

Soap  is  soluble  in  water,  the  solution  being  opaque,  from 
the  intermixture  of  particles  of  uncombined  oil.  It  is  also  so- 
luble in  alkohol,  forming  a transparent  solution.  It  is  de* 
composed  by  all  the  acids,  and  by  the  greater  number  of 
the  earthy  and  metallic  salts,  the  acid  combining  with  the 
alkali,  and  separating  the  oil.  Hence  spring  waters  oftcu 
decompose  it,  from  the  quantity  of  sulphate  ol  lime  they 
eontain.  The  oil  separated  by  these  decompositions  is  so- 
luble in  alkohol,  a proof  that,  by  its  combination  with  the 
alkali,  it  has  undergone  some  chemical  change.  Soap, 
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decomposed  by  beat,  affords  water,  empyreumatic  oil,  and 
ammonia. 

Ammonia  forms  with  expressed  oil  a less  intimate 
combination  than  the  fixed  oils  do,  as  heat  cannot  be 
employed  to  favour  the  combination.  The  addition  of 
a small  quantity  of  it  is  employed  in  pharmacy  to  suspend 
oil  in  water.  By  adding  an  ammoniacal  salt  to  a solution 
of  soap,  an  ammoniacal  soap  is  obtained  by  double  affinity. 
It  is  less  soluble  in  wafer  than  common  soap,  and  suffers 
decomposition  from  exposure  to  the  air. 

I he  combinations  of  expressed  oil  with  the  earths  and 
metallic  oxides  may  be  obtained  by  adding  their  salts  to  a 
solution  of  soap,  when  a double  decomposition  takes  place. 
1 hese  compounds  have  a saponaceous  quality,  but  are  in 
general  much  less  soluble  in  water  than  the  soap  of  potash 
or  soda. 

Expressed  oil,  when  boiled  on  sulphur,  combines  with 
it,  and  forms  a compound  of  a brown  colour,  an  extreme- 
ly foetid  smell,  and  acrid  taste.  It  likewise  dissolves  phos- 
phorus with  the  aid  of  heat,  forming  a liquid  which  be- 
comes luminous  when  exposed  to  the  air. 

Expressed  oil  promotes  the  oxidation  of  some  of  the 
metals,  as  copper  or  mercury,  by  the  action  of  the  air. 
It  also  combines  with  a number  of  the  metallic  oxides. 
Boiled  with  oxide  of  lead,  it  forms  a compound  of  a firm 
consistence,  what  is  named  in  pharmacy  Common  Plaster. 

A mutual  action  is  exerted  between  expressed  oils  and 
several  of  the  other  vegetable  principles,  as  gum  or  resin. 
Inturated  with  mucilage,  it  forms  a milky  mixture, — $ 
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mode  of  suspending  oil  in  water  which  is  sometimes  em- 
ployed in  pharmacy.  It  melts  easily  with  resin. 

Expressed  oils,  besides  their  use  in  pharmacy  and  me- 
dicine, form  the  basis  of  paints,  being  triturated  with 
oxide  of  lead  and  the  colouring  matter.  Combined  with 
resins  and  turpentine,  they  form  varnishes,  and  printing- 
ink  is  a composition  of  them  with  lamp  black.  For  some 
of  these  uses  the  drying  oils  are  employed. 


Sect.  VIII. — Volatile  Oil. 

Volatile,  or  Essential  Oil,  is  contained  in  the  flowers, 
fruits,  leaves,  wood,  or  bark  of  many  vegetables,  gene- 
rally in  inconsiderable  quantity,  the  proportion  varying, 
however,  according  to  the  age  and  vigour  of  the  plant. 
The  oil  sometimes  exists  in  distinct  vesicules,  and  may 
therefore  be  obtained  by  expression.  But  the  usual  me- 
thod to  procure  an  essential  oil,  is  to  subject  the  vegetable 
matter  containing  it  to  distillation  with  water.  The  oil  is 
volatilized  with  the  aqueous  vapour,  and  is  easily  con- 
densed j a small  portion  of  it  is  retained  in  solution  by  the 
water ; but  the  greater  part  separates,  and  may  be  ob- 
tained pure  from  the  difference  in  their  specific  giaiity. 
Being  usually  lighter,  it  collects  on  the  surface. 

Essential  oil  is  odorous,  sapid,  and  generally  pungent, 
the  taste  and  smell  of  the  oils  obtained  from  different  vege- 
tables being  very  different,  and  the  odour  at  least  is  always 
that  of  the  plant  from  which  they  are  procured.  1 hey 
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are  generally  lighter  than  water,  but  some  have  a greater 
specific  gravity.  They  are  also  usually  fluid,  and  remain 
so  even  at  a low  temperature ; but  others  congeal  even  at 
a very  moderate  degree  of  cold,  and  some  are  naturally 
concrete.  They  are  volatilized  by  a very  moderate  heat. 
By  a strong  heat  suddenly  applied,  they  are  partially  de- 
composed. 

Essential  oils  are  soluble  in  water  in  minute  proportion. 
The  water  acquires  the  taste  and  flavour  of  the  oil.  This 
impregnation  is  commonly  obtained  by  distillation,  the 
distilled  waters  of  pharmacy  being  thus  formed.  They 
are  much  more  soluble  in  alkohol ; some  of  them  unite 
with  the  alkohol  in  every  proportion,  others  in  limited 
quantities  ; and  there  are  even  some  which  are  sparingly 
dissolved.  By  distilling  ardent  spirit  from  vegetables  con- 
taining much  essential  oil,  distilled  spirits  are  formed. 

Exposed  to  atmospheric  air,  these  oils  lose  their 
smell,  are  thickened,  and  become  concrete,  frequently  de- 
positing at  the  same  time  crystals  of  an  acid  nature.  These 
changes  are  owing  to  the  absorption  of  oxygen.  The  acid 
is  similar  to  the  benzoic,  and  the  thickened  oil  approaches 
in  its  properties  to  resin. 

When  heated  in  contact  with  atmospheric  air,  they 
are  more  easily  inflamed  than  the  expressed  oils,  and  burn 
with  a brighter  flame,  probably  from  their  greater  volati- 
lity ; the  products  of  the  combustion  are  water  and  carbo- 
nic acid,  and  the  water  is  in  larger  quantity  than  from  the 
combustion  of  the  fixed  oils.  Hence  they  differ  from  the 
fixed  oils  in  containing  a larger  proportion  of  hydrogel^ 
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to  which,  probably,  their  greater  volatility  and  inflamma- 
bility are  owing. 

The  essential  oils  are  oxidated  by  the  acids.  Sulphuric 
acid  renders  them  black,  producing  at  the  same  time  con- 
siderable elevation  of  temperature,  and  frequently  a vio- 
lent effervescence  from  the  disengagement  of  sulphurous 
and  carbonic  acid  gases.  Nitrous  acid  communicates  oxy- 
gen with  such  rapidity  as  frequently  to  inflame  the  oil 
By  a more  slow  action  it  forms  prussic,  malic,  and  oxalic 
acids,  and  converts  the  remaining  oil  into  a kind  of  resi- 
nous substance.  Oxy-muriatic  acid  produces  a similar  re- 
sinous matter. 

With  the  alkalis  these  oils  combine  with  difficulty,  and 
the  combination  can  indeed  only  be  effected  by  long  tritu- 
ration ; the  compound  is  slightly  saponaceous.  Liquid 
ammonia  distilled  with  the  oil  combines  with  it,  but  very 
sparingly. 

Sulphur  dissolves  with  the  aid  of  heat  in  any  of  the  es- 
sential oils  •,  the  solution  has  an  offensive  smell.  Phospho- 
rus is  also  soluble  in  them,  and  some  of  these  solutions ; 
that,  for  example,  in  oil  of  cloves,  is  highly  luminous. 

These  oils  unite  with  mucilage  or  sugar ; ' and  by  the 
medium  of  either,  may  be  suspended  in  water.  They 
dissolve  resin,  camphor,  and  several  other  vegetable  prin- 
ciples. 

In  general  they  are  used  as  perfumes,  or  in  the  practice 
of  medicine.  Some  of  them  enter  into  the  composition 
of  varnishes. 
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Sect.  IX. — Of  Camphor . 

This  principle  exists  in  comparatively  few  vegetables, 
principally  in  the  aromatic  plants.  The  camphor  of  com- 
merce is  extracted  from  the  Laurus  Camphor  a,  a native  of 
Japan  *,  the  wood  of  the  trunk  and  branches  being  exposed 
to  a moderate  heat  in  close  vessels,  by  which  the  camphor 
is  sublimed.  It  is  at  first  impure,  but  is  purified  by  a.  se- 
cond sublimation.  Camphor  is  likewise  deposited  from 
essential  oils  when  they  are  long  kept,  and  from  some  of 
them,  as  those  of  lavender,  marjoram,  and  peppermint, 
in  considerable  quantity. 

Camphor  is  solid  and  tenacious,  of  a white  colour,  and 
semi-transparent ; having  a strong  fragrant  odour,  and  a 
very  pungent  taste.  It  is  so  volatile,  that  it  quickly  loses 
weight  when  exposed  to  the  atmosphere } and  at  a very 
moderately  increased  temperature,  it  sublimes  unchanged. 
If  heated  under  compression,  it  may  be  fused. 

It  is  highly  inflammable,  and  burns  with  a dense  light, 
much  smoke,  and  with  a strong  smell.  Carbonic  acid  is 
formed,  arid  a portion  of  what  has  been  named  Camphoric 
Acid. 

Camphor  is  very  sparingly  soluble  in  water,  so  much 
being  dissolved  as  merely  to  communicate  a sensible  taste 
and  smell.  It  is  abundantly  soluble  in  alkohol ; this  solu- 
tion is  decomposed  by  the  affusion  of  water ; and  if  the 
water  be  added  very  slowly,  the  camphor  appears  in  ca- 
pillary crystals  ; a proof  that  it  can  assume  the  crystalline 
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form.  It  is  also  dissolved  by  the  essential  and  expressed 
oils  ; and  from  these  solutions  the  camphor  is  sometimes 

deposited  in  slender  crystals. 

The  alkalis  exert  no  sensible  action  on  camphor.  Among 
the  earths,  magnesia  appears  to  act  on  it,  as,  when  they 
are  rubbed  together,  the  camphor  becomes  smooth,  and 
easily  diffusible  in  water. 

The  more  powerful  acids  decompose  camphor.  Sul- 
phuric acid  digested  on  it  renders  it  brown,  and  dissolves 
it.  When  heat  is  applied,  sulphurous  acid  gas  is  disen- 
crao-ed  ; and  if  the  solution  is  diluted  with  water  and  dis- 
tilled,  it  affoi’ds  a little  oil,  a portion  of  tannin,  which 
had  been  formed  in  the  process,  remaining  in  the  residual 
liquor.  Nitric  acid  dissolves  camphor,  and  the  solution 
separates  into  two  liquids,  one  of  an  oily  appearance, 
which  floats  over  another  more  watery  ; the  former  con- 
tains a portion  of  camphor,  which  may  be  precipitated  by 
water  •,  the  latter  is  acid.  When  a large  quantity  of  nitric 
acid  is  repeatedly  distilled  from  camphor,  the  decomposi- 
tion is  complete,  and  a peculiar  acid,  the  Camphoric  as  it 
is  named,  is  obtained  in  crystals,  amounting  to  half  the 
weight  of  the  camphor.  Liquid  muriatic,  fluoric,  and 
acetic  acids,  dissolve  camphor,  forming  solutions  which 
are  decomposed  by  water  ; and  water,  impregnated  with 
carbonic  acid,  dissolves  a larger  portion  ot  it  than  pure 
water. 

When  camphor  is  mixed  with  any  substance  which  op- 
poses its  volatilization,  it  is  decomposed  by  exposure  to 
heat.  Thus,  if  one  part  of  it  be  mixed  with  six  parts  of 
pure  clay,— if  the  mixture  be  dried  gently,  and  reduced 
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to  a very  fine  powder,  and  then  made  into  small  balls  with 
water ; when  these  are  completely  dried,  and  are  exposed 
to  heat  in  a retort,  a decomposition  of  the  camphor  en- 
sues, a volatile  oil  distils  over,  a portion  of  charcoal  re- 
mains, and  a quantity  of  carburetted  hydrogen  and  car- 
bonic acid  gases  are  disengaged,  together  with  a small 
portion  of  camphoric  acid.  This  decomposition  points 
out  the  nature  of  camphor : as  it  is  resolved  principally 
into  a product  having  the  properties  of  an  essential  oil, 
and  into  charcoal,  or  carbonaceous  compounds,  it  may  be 
inferred,  that  its  composition  is  similar  to  that  of  the  vo- 
latile oils,  and  that  it  differs  from  them  principally  in  con- 
taining a larger  proportion  of  carbon. 

The  Oil  of  Camphor,  obtained  by  this  process,  is  of  s 
golden  yellow  colour,  has  an  aromatic  odour,  somewhat 
different  from  that  of  camphor,  and  an  acrid  burning 
taste.  It  is  volatile  and  inflammable,  entirely  soluble  in 
alkohol,  and  separated  from  this  solvent  by  the  affusion  of 
water. 

The  acid  named  the  Camphoric,  obtained  in  this  pro- 
cess, and  also  by  the  action  of  nitric  acid  on  camphor, 
appears,  from  the  examination  of  it  by  Lagrange,  to  differ 
from  any  known  acid.  It  is  obtained  in  slender  crystals, 
which  are  sparingly  soluble  in  cold  water,  but  more  soluble 
in  hot  water.  It  has  no  odour  of  the  camphor  ; its  taste 
is  slightly  acrid  and  bitter,  and  it  reddens  the  infusion  of 
litmus.  By  a gentle  heat  it  is  fused  and  sublimed,  and  by 
a stronger  heat  is  decomposed.  It  is  soluble  in  alkohol, 
and  likewise  in  the  mineral  acids.  It  combines  with  the 
alkalis  and  earths,  forming  salts  named  Camphoratcs,  so 
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unimportant,  however,  as  in  an  elementary  work  to  re- 
quire no  enumeration. 

Camphor  appears,  in  common  with  some  other  vege- 
table proximate  principles,  to  be  capable  oi  being  artifi- 
cially formed.  By  transmitting  muriatic  acid  gas  thiough 
oil  of  turpentine,  a large  quantity  of  a concrete  matter, 
indistinctly  crystallized,  is  obtained.  This,  which  is  at 
first  of  a brown  colour,  becomes  perfectly  white  when 
washed  with  water  ; its  odour  and  taste  are  the  same  as 
those  of  camphor,  with  a little  of  the  turpentine  flavour, 
which  is,  however,  removed  by  sublimation  from  charcoal 
and  lime.  It  is  volatile,  inflammable,  soluble  in  alkohol 
and  in  oils,  and  precipitated  by  water.  The  only  diffe- 
rences observed  between  it  and  natural  camphor  ai  e in 
their  relations  to  the  acids,  artificial  camphoi  not  being 
so  easily  dissolved.  .A.  portion  of  this  substance  is  obt  nn— 
ed  from  oil  of  turpentine  alone,  by  a very  gentle  heat ; 
whence  it  might  be  concluded,  tnat,  as  obtained  even  by 
the  action  of  muriatic  acid,  it  pre-exists  in  the  oil ; but 
this  is  refuted,  and  the  actual  formation  of  it  establish- 
ed, by  the  largeness  of  the  quantity  in  which  it  is  obtained, 
seven  ounces  and  a half  being  procured  from  a pound 
•f  oil.  v 


Sect.  X.—Of  Resin. 

This  principle,  as  it  exists  in  vegetables,  is  often  com- 
bined with  gum,  or  with  essential  oil.  From  some  plants. 

Vox.  II.  2! 
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however,  it  is  obtained  by  exudation  nearly  pure  ; or  if 
combined  with  a portion  of  essential  oil,  this  may  be  re- 
moved by  volatilization,  and  its  characters,  in  its  insulated 
form,  can  thus  be  determined. 

Resins,  if  at  first  liquid  as  discharged  by  the  plant,  soon 
become  concrete.  Thev  are  brittle,  and  have  a smooth 
conchoidal  fracture,  with  peculiar  lustre,  are  more  or  less 
transparent,  and  usually  of  a yellow  or  brown  colour. 
Frequently  they  are  odorous  and  sapid,  though  others 
have  neither  taste  nor,  smell. 

They  melt  at  a moderate  heat,  but  cannot  be  volatilized , 
unchanged.  When  heated  to  ignition  with  the  admission 
of  the  air,  they  burn  with  a dense  flame.  Heated  in  close" 
vessels,  they  suffer  decomposition,  water,  with  a portion 
of  empyreumatic  acid,  much  carburetted  hydrogen  and 
carbonic  acid,  and  charcoal,  being  the  products.  They 
appear  to  consist,  therefore,  of  carbon,  hydrogen,  and 
oxygen,  and  probably  differ  from  the  essential  oils  in  the 
inferior  proportion  of  hydrogen. 

Resins  are  insoluble  in  water,  and  they  suffer  no  change 
from  the  action  of  the  air  j hence  their  adaptation,  under 
the  form  of  varnishes,  to  prevent  substances  from  being 
acted  on  by  air  and  humidity.  In  a very  humid  atmos- 
phere, however,  they  become  soft. 

They  are  soluble  in  alkohol,  and  likewise  in  ether,  these 
Solutions  being  decomposed  by  the  affusion  of  water. 
They  arc  also  dissolved  by  essential  and  expressed  oils, 
and  the  chemical  action  of  camphor  on  them  is  marked 
by  its  rendering  them  quite  soft,  and  nearly  liquid. 

The  fixed  alkalis  dissolved  in  Vratcr,  digested  on  resins, 
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dissolve  tliem,  and  even  in  the  state  of  carbonate,  or  in 
that  of  compound  salts,  with  a slight  excess  of  alkali* 
exert  this  solvent  power.  The  action  of  ammonia  is  more 
weak. 

The  more  powerful  acids  decompose  resinous  matter. 
Sulphuric  acid  at  first  dissolves  it,  but,  continuing  to  act 
upon  it,  progressive  changes  of  composition  take  place, 
tannin  is  formed,  and  ultimately  the  residual  mattei  is 
carbonaceous.  Nitric  acid  produces  at  first  decomposi- 
tion,  the  resinous  matter  being  converted  first  into  a sub- 
stance having  characters  intermediate  between  lesm  and 
extract,  and  by  farther  changes  into  a variety  of  artificial 
tannin.  Acetic  acid  dissolves  resins,  apparently  without 
altering  their  composition. 

A number  of  resinous  substances  are  employed  in  me- 
dicine, or  in  the  arts,— such  are  copal,  mastich,  sanda- 
rach,  animi,  and  the  resins  from  the  juice  of  the  different 
species  of  pine.  These  have  the  same  chemical  piopeities, 
or  with  differences  comparatively  so  unimportant,  as  not 
to  require  particular  enumeration.  A peculiarity  or  mas- 
tich is,  that  it  is  not  entirely  soluble  in  alkohol,  and 
the  part  which  remains  undissolved  approaches  in  its  cha- 
racters to  caoutchouc,  being  glutinous  and  elastic.  Copal, 
too,  is  more  sparingly  soluble  in  alkohol  than  the  others, 
forming  rather  a kind  of  viscous  mass;  camphor  renders 
it  completely  soluble.  Sandarach  and  elemi  are  partially 
soluble  in  oils. 

liesins  arc  employed  in  the  formation  of  varnishes,  be- 
ing dissolved  either  in  alkohol,  or  in  essential  or  expressed 
oils.  The  former  arc  named  Spirit  Varnishes ; they  dry 
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quickly,  but  have  the  disadvantage  of  being  liable  to  scale ; 
and  to  obviate  this,  by  giving  a degree  of  tenacity,  a por- 
tion of  an  essential  oil,  as  that  of  turpentine,  is  often 
added.  The  latter  dry  more  slowly,  and  are  liable  to  re- 
main a considerable  time  clammy.  The  essential  oil  em- 
ployed is  usually  that  of  turpentine ; the  expressed  oil  that 
V>f  lintseed,  rendered  drying  by  having  been  expressed  by 
heat ; and  these  are  often  mixed  together.  Copal  forms 
the  basis  of  the  finer  varnishes,  but  there  is  considerable 
difficulty  in  dissolving  it  •,  the  addition  of  a little  camphor 
best  promotes  its  solution,  either  in  oils  or  in  alkohol. 

1 M|irni,  

The  name  of  Gum-Resin  has  been  applied  to  a number 
of  substances  which  have  long  been  employed  in  the  prac- 
tice of  medicine,  and  which,  from  the  action  of  solvents 
on  them,  appear  to  be  compounds  of  gum  and  resin,  in 
different  proportions  j — such  are,  aloes,  assafaetida,  am- 
moniac myrrh,  and  others.  They  are  solid  and  usually 
brittle,  have  often  a strong  taste  and  smell,  and  exert 
considerable  activity  on  the  animal  system.  Their  chemi- 
cal properties  appear  to  be  those  of  their  immediate  prin- 
ciples, gum  and  resin,  slightly  modified  ; they  are  usually 
insoluble  either  in  water  or  alkohol ; those  in  which  gum- 
my or  extractive  matter  predominates,  as  aloes,  are  more 
completely  dissolved  by  water ; and  those  in  which  resin 
is  more  abundant,  as  myrrh,  arc  dissolved  more  easily  bv 
alkohol ; they  are  in  general  dissolved  by  alkohol  diluted 
with  one  or  two  parts  of  water.  Alkaline  solutions  dis- 
solve them  ; acids  decompose  them  ; and  in  these  dccom- 


BALSAMS. 


357 


positions  they  are  not  so  easily  converted  into  artificial 
tannin,  as  the  pure  resins.  They  are  decomposed  by  heat, 
and  with  the  usual  products  of  the  decomposition  of  vege- 
table matter,  afford  a portion  of  ammonia. 

* 

A substance  which  used  to  be  ranked  as  a gum-resin, 
Guaiac,  appears,  from  the  observations  of  Mr  Brande,  to 
have  some  peculiar  properties.  It  displays  in  particular 
striking-  changes  of  colour  from  the  action  of  oxvgen,  and 
of  the  acids  ; its  solution  in  alkohol  yielding,  when  de- 
composed by  oxy-muriatic  acid,  a precipitate  of  a beauti- 
ful pale  blue  colour ; when  decomposed  by  sulphuric  acid, 
one  of  a pale  green  colour ; and  from  the  action  of  diluted 
nitric  acid  a liquid  is  obtained,  which  is  at  first  green,  af- 
terwards blue,  and  brown,  and  affords  precipitates  of  the 
same  colour,  on  the  addition  of  water.  In  the  direct  ac- 
tion, too,  of  the  acids  on  guaiac,  changes  of  colour  are 
produced, — sulphuric  acid  forming  a solution  of  a deep- 
red  colour,  and  nitric  acid  producing  a deep  green  tint ; 
the  nitric  acid  is  rapidly  decomposed,  and  oxalic  acid,  with 
a substance  more  completely  resinous,  are  obtained. . 


Balsams  are  vegetable  products,  which  consist  chiefly 
of  resinous  matter,  with  essential  oil,  but  which  afford, 
also,  when  submitted  to  different  processes,  a portion  of  a 
peculiar  acid,  the  Benzoic ; and  the  presence  of  this  acid 
gives  the  peculiarity  of  composition  which  is  lienee  sup- 
posed to  constitute  a balsam. 

Their  chemical  properties  are,  of  course,  derived  from 
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the  principles  of  which  they  consist.  They  are  insoluble 
in  water,  but  abundantly  soluble  in  alkohol,  their  solutions 
being  decomposed  by  the  addition  of  water, — from  the 
precipitation  of  their  resinous  matter.  By  distillation  with 
water,  they  afford,  in  general,  a small  quantity  of  essen- 
tial oil.  The  acid  is  extracted  from  them,  either  by  ap- 
plying a gentle  heat,  when  it  is  volatilized  ; or  by  macera- 
tion in  water,  when  it  is  dissolved  ; or,  lastly,  by  boiling 
them  with  an  alkali  or  earth  with  which  the  acid  unites, 
and  from  which  it  may  be  afterwards  separated  by  the 
addition  of  another  acid. 

The  principal  balsams  are  those  of  Tolu  and  Peru,  as 
they  arc  named,  Storax  and  Benzoin,  the  latter  being 
concrete,  the  former  fluid,  but  thick,  and  even  becoming 
solid  from  age;  they  are  odorous  and  pungent,  and  are 
♦regarded  principally  as  articles  of  the  materia  medica. 


Sject.  XI. — Of  Extract , or  Extractive  Matter. 

By  expressing  the  juices  of  recent  herbs,  or  by  boiling 
the  leaves,  bark,  or  wood  of  vegetables,  and  evaporating, 
in  either  case,  the  liquor  to  a thick  consistence,  picpa- 
rations  are  obtained,  which,  in  pharmacy,  have  been  long 
known  by  the  name  of  Extracts.  It  is  obvious  that  these 
may  consist,  of  various  proximate  principles,  which  the 
water  has  dissolved.  But  it  has  likewise  been  supposed, 
that  a peculiar  principle  generally  forms  the  basis  of  thorn 
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This  has  accordingly  been  distinguished  by  the  appellation 
of  Extract ; and  distinctive  properties  have  been  assigned 
to  it.  Of  these  it  is  necessary  to  take  notice,  though  the 
existence  of  this  as  a peculiar  principle,  I shall  have  to  re- 
mark, is  liable  to  much  doubt.  . 

Extract  is  said  to  be  soluble  in  water,  but  to  become  gra- 
dually insoluble  from  exposure  to  the  air,  especially  at  a 
high  temperature.  V auquelin  has  remarked,  that  the  juices 
containing  it  are  colourless,  as  they  exude  from  the  plant, 
but  that  they  become  yellow  or  brown  from  exposure  to 
the  air.  If  evaporated,  pellicles  soon  form  on  its  surface, 
and  the  solid  matter  procured  by  continuing  the  evapo- 
ration, cannot  be  again  entirely  dissolved  in  water.  Four- 
croy  likewise  has  observed,  that  the  decoction  of  a ve- 
getable which  affords  extract  becomes  turbid  as  it  boils  f 
the  precipitated  matter  cannot  be  dissolved  by  an  addi- 
tion of  water ; and  the  longer  the  boiling  of  it  is  continued, 
and  the  more  freely  the  air  is  admitted,  the  larger  is  the 
quantity  of  it  formed.  lie  concludes,  therefoie,  that  the 
insolubility  is  the  consequence  of  the  oxygenation  oi  the 
extractive  matter,  and  the  facility  ot  combining  when  it  is 
in  a humid  state  with  oxygen,  has  been  assigned  as  a cha- 
racter of  this  principle.  Saussure,  in  exposing  solutions 
of  exti’activc  matter  to  atmospheric  air  in  close  vessels, 
found  the  oxygen  of  the  air  to  be  consumed,  and  an  equi- 
valent portion  of  carbonic  aeid  formed,  while  precipitates 
had  been  deposited  from  the  liquors.  He  inferred,  that 
in  thus  losing  a portion  of  carbon  by  combination  with 
the  oxygen  of  the  air,  part  of  the  oxygen  and  hydrogen 
of  the  extractive  matter  likewise  combine  to  form  water, 
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and  that  the  residual  matter  has  thus  an  enlarged  propor- 
tion of  carbon.  It  is  quite  insipid  and  inert,  anc^the  loss 
of  power  which  many  active  medicinal  plants  sustain  by 
boiling  in  water,  without  any  volatile  principle  being  dis- 
sipated, has  been  ascribed  to  these  changes  in  the  extrac- 
tive matter  in  which  their  powers  are  supposed  to  reside. 

Extract  is  soluble  in  alkohol,  and  the  solution  is  not 
decomposed  by  water.  This  property  of  equal  solubility 
in  water  and  alkohol,  and  that  which  follows  from  it,  of 
the  solution  in  the  one  fluid  not  suffering  decomposition 
from  the  other,  has  been  assigned  as  another  character  of 
this  principle  not  belonging  to  any  other — gumresin,  which 
approaches  nighest  to  it  in  this  respect,  being  only  partial- 
ly soluble  in  either,  and  its  solution  in  the  one  in  which 
it  is  most  largely  dissolved  being  decomposed  by  the  other. 

Oxy-muriatic  acid  converts  extractive  matter  into  a 
concrete  substance  of  a deep  yellow  colour,  insoluble  in  -wa- 
ter, but  soluble  in  alkohol,  and  in  alkaline  solutions. 

Argil  exerts  an  affinity  to  it,  and  forms  an  abundant 
flocculent  precipitate  with  it  from  infusions  in  which  it  is 
dissolved.  Several  metallic  salts  have  a similar  effect,  in 
consequence  of  the  affinity  between  extractive  matter  and 
'metallic  oxides. 

Extractive  matter,  in  the  spontaneous  decomposition 
which  it  suffers  in  a humid  state,  exhales  ammonia,  and 
this  alkali  in  part  saturated  by  acetic  acid,  is  afforded  by 
it  when  it  is  decomposed  by  heat. 

In  reviewing  the  characters  assigned  to  this  principle, 
and  the  facts  connected  with  its  chemical  history,  there  is 
room  to  doubt  if  its  existence  is  fully  established,  .there 
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is  no  process  by  which  we  can  be  certain  of  having  obtain- 
ed it  in  an  insulated  state  ; as  it  exists  either  in  vegetable 
juices,  or  as  obtained  by  decoction  from  any  of  the  parts 
of  plants,  it  necessarily  must  be  in  a state  of  intermix- 
ture, and  the  properties  assigned  to  it,  therefore,  may 
merely  arise  from  modifications  produced  by  such  inter- 
mixture in  other  known  principles.  Some  of  these  proper- 
ties, too,  such  as  that  of  absorbing  oxygen  when  in  a 
humid  state,  or  of  exerting  an  affinity  to  argil  or  metal- 
lic oxides,  belong  to  other  principles.  And  what  further 
throws  doubt  on  the  opinion  which  regards  it  as  a distinct 
principle,  is  that  even  the  properties  assigned  as  charac- 
teristic of  it  are  not  uniform,  the  facility  of  decomposition, 
when  in  a humid  state,  from  the  action  of  oxygen,  being 
sometimes  for  example  possessed  by  a variety  of  extractive 
matter,  without  the  equally  distinctive  quality  of  equal  so- 
lubility in  water  and  in  alkohol. 


Sect.  XII. — Of  Tannin. 

The  property  of  astringency  in  vegetables  is  indicated 
by  a peculiar  styptic  taste,  and  by  the  power  oi  corrugat- 
ing the  animal  fibre,  displayed  in  the  operation  of  tan- 
ning. A peculiar  chemical  phenomenon  had  also  been 
discovered  to  be  connected  with  it,  which  hence  came  to 
be  regarded  as  its  test,  that  of  producing  a dark  purple 
colour  with  the  «ajts  of  iron,  the  power  of  producing  this 
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belonging  to  all  the  vegetable  astringents,  and  nearly  in 
proportion  to  their  astringency.  It  was  afterwards  disco- 
vered that  a peculiar  acid  exists,  in  the  more  powerful 
vegetable  astringents,  and  which  in  particular  being  abun- 
dant in  galls,  received  the  name  of  Gallic  Acid.  This  acid, 
it  was  further  found,  struck  the  same  dark  colour  with  the 
salts  of  iron  j hence  it  was  concluded  to  be  the  principle 
common  to  astringents,  and  that  on  which  their  astrin- 
gency depends. 

An  evident  objection,  however,  to  this  opinion  was, 
that  the  acid  itself  has  no  great  degree  of  astringency , it 
was  further  found,  that  the  colour  it  produces  with  the 
salts  of  iron  is  much  less  deep  than  that  produced  by  the 
infusion  of  a vegetable  astringent,  a proof  that  some  other 
substance  exists  in  the  infusion,  on  the  action  of  which  the 
production  of  the  colour,  in  part  at  least,  depends.  Another 
principle  has  been  accordingly  discovered,  which  is  rather  to 
be  regarded  as  the  principle  of  astringency.  Toeing  the  chief 
agent  in  the  operation  of  tanning,  it  has  received  the  name 
of  Tannin,  and  for  its  discovery  we  are  indebted  to  Se- 
guin.  The  experiments  by  which  he  established  its  exis- 
tence, consist  in  adding  to  tire  infusion  of  a vegetable  as- 
tringent, as  of  galls  or  oak-bark,  a solution  of  animal  ge- 
latin, as  of  glue  or  isinglass.  A copious  precipitate  is  im- 
mediately formed,  which  consists  of  the  gelatin  in  combina- 
tion with  tannin  ; the  gallic  acid,  mucilage,  or  any  other 
principle  contained  in  the  astringent,  remaining  in  the  li- 
quor above. 

lly  this  process  tannin  is  not  obtained  in  an  insulated 
state  •,  and  though  various  methods  have  been  employed. 
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it  is  not  very  certain  if  any  of  them  afford  it  perfectly  pure. 
The  simplest  is  to  add  lime-water  to  an  infusion  containing 
tannin  ; a precipitate  is  formed  which  consists  of  the  tan- 
nin combined  with  lime ; and  if  this  be  treated  with  dilut- 
ed nitric  or  muriatic  acid,  the  lime  is  abstracted,  and  tne 
tannin  remains.  Another  is,  to  add  sulphuric  acid  to  a 
strong  infusion  ; a precipitate  is  thrown  down,  consisting 
principally  of  tannin  combined  with  the  acid  j it  is  dissolv- 
ed in  boiling  water,  and  the  acid  is  abstracted  by  the  ad- 
dition of  an  alkaline  carbonate,  the  tannin  being  precipi- 
tated if  an  excess  of  water  is  not  present. 

Tannin,  by  evaporation  of  its  solution,  may  be  obtain- 
ed in  the  solid  form.  It  is  friable,  has  a resinous-like 
fracture,  is  of  a brown  colour,  or,  according  to  Lagrange, 
a white  colour,  which  becomes  brown  from  the  action  of 
the  air  •,  its  smell  is  peculiar,  and  its  taste  rough  and 
bitter. 

It  dissolves  in  cold  water,  but  more  abundantly  when 

/ 

the  temperature  is  raised.  It  dissolves  in  alkohol  of  the 
usual  strength,  but,  according  to  Richter,  is  insoluble  in 
alkohol  highly  rectified. 

From  the  observations  of  Seguin  and  Lagrange,  it  ap- 
pears in  its  humid  state  to  be  very  susceptible  of  oxyge- 
nation.  When  its  solution  is  exposed  to  the  air,  pellicles 
form  on  its  surface  from  this  cause,  and  a similar  change  is 
produced  by  exposure  to  oxygen,  or  to  oxy-muriatic acid 
gas.  By  oxygenation  it  acquires,  according  to  Lagrange, 
the  power  of  reddening  infusion  of  litmus.  It.  is  little  lia- 
ble, however,  to  spontaneous  decomposition,  and  is  even 
a powerful  antiseptic. 
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Tannin  is  precipitated  from  its  solutions  by  the  acids, 
combinations  of  the  acid,  and  the  tannin  being  establish- 
ed in  different  proportions,  one  forming  an  insoluble  com- 
pound, and  another  one  which  is  dissolved.  Nitric  acid, 
after  precipitating  the  tannin,  if  concentrated,  re-acts  on 
it,  and  decomposes  it.  Oxy-muriatic  acid,  according  to 
Lagrange,  converts  it  into  gallic  acid. 

The  alkalis  combine  with  tannin ; a solution  of  potash  or 
soda,  first  precipitates  it,  but  soon  re-dissolves  it,  and 
suspends  its  powers  of  combining  with  gelatin.  Ammonia 
forms  apparently  a less  soluble  compound.  The  alkaline 
carbonates  have  nearly  similar  effects.  Lime,  barytes,  stron- 
tites,  and  magnesia,  form  with  it  compounds  of  spa- 
ring solubility ; and  similar  combinations  are  established 
even  when  the  carbonates  of  these  earths  act  on  an  i illu- 
sion containing  it,  so  that  the  tannin  is  entirely  precipi- 
tated. 

Tannin  appears  to  exert  strong  attractions  to  the  metal- 
Jic  oxides.  Precipitates  are  thrown  down  from  the  great- 
er number  of  metallic  salts  by  the  infusion  of  galls,  which 
appear  in  general  to  consist  of  the  oxide,  the  base  ol  the  salt 
united  with  tannin.  These  combinations  are  even  esta- 
blislied  by  boiling  the  infusion  on  the  pure  oxide  ; and  by 
oxide  of  tin  or  zinc  the  whole  tannin  is  thus  abstracted. 
The  most  important  combination  of  this  class  is  that  with 
oxide  of  iron.  It  is  in  consequence  of  its  formation,  that 
the  infusions  of  the  vegetable  astringents  strike  so  deep  a 
colour  with  the  salts  of  iron  ; for  although  the  gallic  acid 
is  often  associated  with  tannin,  and  gives  a similar  colour, 
it  does  so  much  more  faintly,  and  the  intensity  of  the  «o- 
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four  depends  chiefly  on  the  tannin.  The  iron  requires  to 
be  in  a certain  state  of  oxidation  for  its  production,  the 
colour  being  faint  when  it  is  at  the  minimum , while,  if 
more  highly  oxidated,  it  is  deep  ; a difference  owing  partly 
perhaps  to  the  relation  of  the  oxide  itself  in  these  different 
states  to  tannin,  but  partly  also,  as  has  been  already  ex- 
plained, to  the  difference  in  the  force  of  affinity  with  which 
it  is  retained  in  combination  by  the  acid  of  the  salt,  the 
affinity  being  weaker  at  a high  than  at  a low  state  of  oxi- 
dation, and  hence  the  combination 'of  the  oxide  with  the 
tannin  being  more  easily  effected.  The  acid  of  the  salt 
re-acts  on  this  compound,  and  in  some  measure  retains  it 
dissolved.  This  combination  is  the  basis  of  writing-ink, 
and  of  the  black  dyes.  The  essential  ingredients  of  the  for- 
mer are  infusion  of  galls  and  sulphate  of  iron  ; by  their  mu- 
tual action  the  compound  of  tannin  and  oxide  of  iron  is 
formed,  which  the  gallic  acid  of  the  infusion,  and  the  sul- 
phuric acid  of  the  salt,  contribute  to  hold  suspended  or 
partially  dissolved  ; a portion  of  gum  is  added,  to  give  suf- 
ficient consistence  to  the  liquid,  and  frequently  a little 
sugar  to  give  the  ink  lustre.  The  decay  of  ink  from  age 
is  probably  owing  to  the  decomposition  of  the  tannin  from 
the  slow  but  continued  action  of  the  metallic  oxide  and 
the  sulphuric  acid  on  it.  In  the  formation  of  the  black 
and  purple  dyes,  different  astringents  arc  employed,  be- 
sides the  gall-nut,  particularly  the  bark  of  some  species  of 
willow,  logwood,  and  sumach. 

The  most  important  and  characteristic  chemical  proper- 
ty of  tannin,  is  that  displayed  in  its  relation  to  animal  ge- 
latin. They  combine  with  much  facility,  forming  from  » 
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state  of  solution  a soft  flocculent  precipitate,  which  on  dry- 
ing becomes  hard  and  brittle.  The  tannin  ot  different 
vegetables  combines  with  different  proportions  of  gelatin. 
The  combination  is  influenced,  too,  with  regard  to  the  re- 
lative quantities  that  combine,  by  the  concentration  of  the 
solution  of  gelatin,  the  quantity  of  precipitate  being  great- 
er when  the  solutions  are  mixed  in  a concentrated  state  ; 
and  also  by  the  quantity  in  which  one  is  added  to  the  other, 
an  excess  of  gelatin  re-dissolving  part  of  the  precipitate, 
or  rather  forming  with  the  tannin  a more  soluble  com- 
pound. 

On  the  formation  of  this  combination  depends  the  art 
of  tanning.  The  skin  of  an  animal,  when  freed  from 
the  hair,  epidermis,  and  cellular  fibre,  (which  is  done  in 
the  manipulations  of  the  art,  principally  by  the  action  of 
lime),  consists  principally  of  indurated  gelatin.  By  im- 
mersion in  the  tan-liquor,  which  is  an  infusion  of  oak-bark, 
or  other  powerful  astringents,  the  combination  of  the  tan- 
nin with  the  organized  gelatin,  which  forms  the  animal 
fibre,  is  slowly  established,  and  the  compound  of  tannin 
and  gelatin  not  being  soluble  in  water,  and  not  liable  to 
putrefaction,  the  skin  is  rendered  dense  and  impermeable, 
and  not  subject  to  the  spontaneous  change  which  it  would 
otherwise  soon  undergo.  To  render  it  equal  throughout 
the  whole  substance  of  the  skin,  the  action  of  the  tan-li- 
quor must  be  gradual,  and  hence  the  tanning  is  performed 
by  successive  immersion  of  the  skin  in  'liquors  of  different 
strength.  A portion  of  the  extractive  matter  of  the  infu- 
sion appears  also  to  enter  into  the  combination.  -The  skin 
increases  in  weight  from  one-filth  to  one-third. 
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• lannm  decomposed  by  heat  affords  an  acid  liquor,  a 
brownish  oil,  and  a considerable  quantity  of  carbonicacid, 
a light  spongy  charcoal  forming  the  residuum. 

An  important  fact  in  the  chemical  history  of  this  prin- 
ciple, is  its  artificial  formation.  It  had  been  known  to  be 
developed  by  heat,  in  substances  in  which  it  did  not  pre- 
viously exist.  Mr  Hatchet  observed,  that  it  is  produced 
in  the  action  of  nitric  acid  on  carbonaceous  compounds  ; 
-and  extending  his  experiments,  he  has  shewn,  that  it  is 
formed  in  the  action  of  sulphuric  and  nitric  acid  on  resins, 
gum-resins,  bituminous  substances,  and  many  other  va- 
rieties of  vegetable  matter,  and  even  from  a number  of 
animal  substunces.  Those  which  were  carbonaceous  yield- 
ed it  most  readily ; hence  in  many  of  them  the  previous 
operation  of  charring  favoured  the  production  of  tannin 
from  the  same  action  sulphuric  acid  produced  it  more  rea- 
dily than  nitric  acid,  or  the  previous  action  of  sulphuric 
acid  favoured  its  production  by  the  action  of  nitric  acid ; 
or,  lastly,  il  nitric  acid  alone  were  employed,  it  required, 
with  regard  to  a number  of  substances,  to  be  used  in  large 
quantity,  and  to  be  repeatedly  distilled  from  them.  The 
product  obtained  by  all  these  operations  has  the  general 
qualities  of  tannin  ; its  taste  is  astringent,  it  combines  with 
gelatin,  and  its  relations  to  other  chemical  agents  are  si- 
milar to  those  of  this  principle.  Mr  Hatchet  observed; 
however,  that  it  differs  somewhat  in  its  properties  as  pro,- 
duCed  in  these  processes,  and  he  has  marked  three  vane- 
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ties  of  artificial  tannin  : — the, An'/,  formed  by  the  action  of 
nitric  acid,  approaching  nearest  to  natural  tannin,  and 
differing  from  it  only,  indeed,  in  not  being  decomposed  by 
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the  continued  action  of  nitric  acid  : the  second , formed  by 
the  repeated  distillation  of  nitric  acid  from  vegetable  re- 
sins, gum-resins,  and  balsams,  and  differing  from  the 
other  in  the  colour  of  the  precipitates  it  forms  with-  gela- 
tin : the  third,  produced  by  the  action  of  sulphuric  acid 
on  the  same  substances,  less  energetic  in  its  action  on  ge- 
latin and  skin,  and  therefore  most  remote  from  natural 
tannin.  These  differences  probably  depend  on  slight  dif- 
ferences in  the  composition  which  constitutes  this  principle. 
Nitrogen  does  not  appear  to  enter  into  the  composition  of 
the  last  variety,  to  which  he  supposes  its  less  powerful  ac- 
tion may  be  owing. 

Proust  remarked,  that  even  natural  tannin  is  not  uni- 
form in  its  qualities,  but  differs  as  afforded  by  diffeient  ve- 
getables, whence  he  concluded  that  there  are  varieties  01 
it,  as  there  are  of  several  other  vegetable  proximate  prin- 
ciples. Mr  Davy  suggested,  that  such  differences  might 
arise  from  the  presence  of  other  principles  capable  of  mo- 
difying the  action  of  tannin,  and  stated  some  facts  in  proof 
®f  some  of  these  peculiarities  depending  on  this  cause.  It 
is  not  improbable,  however,  that  slight  variations  in  the 
composition  may  in  natural,  as  well  as  in  artificial  tannin, 
produce  diversities  of  properties. 

The  analysis  of  the  principal  astringents  was  undertaken 
by  Mr  Davy,  with  the  view  of  determining  the  proportion 
of  tannin  they  contain.  Galls  contain  it  in  largest  quan- 
tity. Oak-bark  affords  a less  proportion,  from  the  pre- 
dominance of  the  ligneous  fibre.  Catechu  yields  about 
half  its  weight  of  it,  and  kino  appears  to  contain  even  a; 
larger  proportion.  In  the  greater  number  of  these,  the 
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tannin  has  been  supposed  to  be  combined  principally  with 
mucilage  and  extract,  a supposition,  however,  which  Dr 
Bostock  has  rendered  doubtful.  Tannin  is  generally  ac- 
companied with  a portion  of  gallic  acid,  but  this  acid  has 
been  supposed  to  be  often  present  in  vegetables,  without 
any  sensible  quantity  of 'the  tanning  principle. 


A principle  exists  In  some  vegetables,  which  appears  to 
have  some  relation  to  tannin,  the  nature  of  which  is  not 
yet  well  understood.  It  has  the  character  of  forming  with 
tannin  an  insoluble  precipitate,  whence  Seguin  supposed 
it  to  be  analogous  to  annual  gelatin,  a supposition  which 
has  no  probability,  as  Dr  Duncan  has  shewn.  From  its 
existing  in  several  of  the  species  of  cinchona,  he  has  given 
it  the  name  of  Cinchonin. 


Sect.  XIII. — Of  Gallic  Acid. 

There  exist  in  the  juices  of  many  plants,  at  certain 
periods  of  their  vegetation,  peculiar  acids,  and  the  same 
or  other  acids  are  likewise  found  combined  with  some  of 
the  vegetable  proximate  principles,  or  united  with  alka* 
line  or  earthy  bases,  forming  what  have  been  named  the  Es- 
sential Salts  of  Plants.  Of  these  native  vegetable  acids, 
seven  have  been  usually  enumerated,  the  Gallic,  Malic, 
Citric,  Oxalic,  Tartaric,  Benzoic,  and  Acetic.  Them 
Vor,.  II.  A a 
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may  be  added  to  the  number,  the  Moroxylic,  an  acid  of later 
discovery,  and  the  Pi'ussic,  though  the  latter  has  been  more 
usually  ranked  among  the  substances  belonging  to  the  ani- 
. mal  kingdom.  These  acids  have  a compound  base  of  car- 
bon and  hydrogen,  and  differ  principally  in  the  propor- 
tions of  their  elements  ; hence  they  are  convertible  into  each 
other.  The  oxalic  appears  to  be  the  one  most  highly  oxy- 
genated, and  it  is  it  into  which  the  greater  number  of  the 
others  are  vdtimately  changed. 

Gallic  Acid,  the  first  of  these,  and  the  history  of 
which  is  to  be  given  under  this  section,  has  an  intimate 
connection  with  tannin  ; they  are  generally  associated  in 
the  vegetable  astringents,  and  they  are  similar  in  some  of 
their  most  striking  chemical  relations.  It  derives  its  name 
from  the  gall-nut,  in  which  it  exists  in  large  quantity,  and 
from  which  it  is  usually  obtained.  Its  presence  is  shewn 
by  the  power  which  the  infusion  of  galls  has  in  redden- 
ing litmus ; and  it  may  be  procured  by  a process  given  by 
Scheele, — merely  allowing  a strong  infusion  to  remain  in  a 
vessel  imperfectly  inclosed  for  some  months ; a sediment 
is  deposited  ; this  being  washed  with  cold  water,  and  dis- 
solved in  boiling  water,  crystals  of  a greyish  colour  are 
procured,  which  are  acid.  Scheele  observed,  too,  that  by 
distillation  galls  afford  an  acid  liquor,  and  a portion  of 
a concrete  acid  is  condensed  in  a crystalline  form.  Other 
methods  have  been  employed,  such  as  abstracting  the  tan- 
nin and  extract  of  the  infusion  of  galls  by  the  affinity  of 
argil,  or  boiling  in  the  infusion  carbonate  of  barytes, 
and  decomposing  the  gallate  of  barytes  by  sulphuric  acid. 
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But  it  is  not  certain,  if  by  either  of  these  processes  the 
acid  is  obtained  in  a state  of  purity,  and  in  particular  al- 
together free  from  tannin : this  principle  always  adheres, 
too,  to  the  acid  procured  by  the  first  process  of  Scheele, 
so  as  to  render  it  capable  of  precipitating  gelatin.  There 
remains,  therefore,  only  the  process  of  sublimation,  and 
this  probably  gives  the  gallic  acid  in  its  purest  state,  a mi- 
nute portion  of  oily  matter  only  adhering  to  it,  which 
gives  it  a slight  aromatic  odour  ; it  gives  no  precipitate 
with  gelatin,  and  therefore  does  not  appear  to  have  any 
intermixture  of  tannin.  It  is  inferior,  however,  to  the  acid 
procured  by  the  spontaneous  decomposition  of  the  infusion 
of  galls  in  acid  powers,  a difference  which  Lagrange  con- 
siders as  owing  to  the  latter  having  combined  with  it  a 
portion  of  acetic  acid.  With  regard  to  the  different  states 
of  this  acid,  and  its  purity,  there  still  remains,  on  the 
whole,  considerable  uncertainty. 

T1  le  sublimed  acid  is  procured  in  crystals  of  a white  co- 
lour, if  the  iieat  has  not  been  raised  too  high,  or  con- 
tinued too  long,  so  as  to  volatilize  any  vegetable  matter, 
which  gives  it  a brownish  tinge.  When  purified  too  by 
solution  and  crystallization,  the  acid  is  white ; its  crystals 
are  slender  prisms,  its  taste  is  sour ; it  reddens,  though 
not  ”ery  deeply,  the  vegetable  colours,  and  excites  effer- 
vescence in  the  alkaline  carbonates  ; it  requires  24  parts  of 
cold  water  for  its  solution,  but  dissolves  in  less  than  2 
parts  of  boiling  water,  this  solution  crystallizing  on  cool- 
ing. It  dissolves  in  4 parts  of  alkohol,  at  a medium  tem- 
perature. 

Exposed  to  Iieat  it  fuses,  exhaling  an  agreeable  odour 
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n portion  sublimes,  and  condenses'  in  crystals,  while  a 
quantity  of  acid  liquor  is  also  produced,  a large  quantity 
of  charcoal  remaining  in  the  retort.  The  concrete  acid 
has  nearly  the  same  taste  and  odour  as  acid  of  benzoin. 
The  products  of  its  entire  decomposition  prove  it  to  be  a 
compound  of  carbon,  hydrogen,  and  oxygen.  By  nitric 
acid  it  is  converted  into  oxalic  acid. 

Gallic  acid  combines  with  the  alkalis  and  earths.  Its 
salts  are  named  Collates  •,  they  have  been  little  examined : 
those,  with  the  alkalis,  are  soluble  ; they  throw  down  dark- 
coloured  precipitates  from  metallic  solutions,  similar  to 
those  produced  by  the  acid  itself. 

This  property  of  forming  dark-coloured  precipitates 
with  the  solutions  of  metals,  is  the  most  important  one 
belonging  to  gallic  acid,  as  rendering  it  a re-agent  of  con- 
siderable delicacy.  The  observations  with  regard  to  these, 
however,  are  of  less  value,  as  the  acid  has  been  usually 
employed  in  that  state  in  which  it  has  an'  intermixture 
with  tannin;  and  we  have  no  accurate  comparative  experi- 
ments with  regard  to  the  effects  from  it  in  a purer  form. 
Its  action  on  the  salts  of  iron  has  been  principally  exa- 
mined, and  this  is  similar  to  that  exerted  by  tannin.  It 
strikes  a violet  or  purple  colour,  more  or  less  deep  ; but 
for  the  production  of  the  colour,  the  iron  requires  to  be 
in  a high  state  of  oxidation;  hence,  if  added  to  a solution 
containing  the  iron  at  the  minimum  of  oxidation,  no  colour 
is  immediately  produced  ; but  it  soon  appears  from  expo* 
sure  to  the  air,  probably  from  oxygen  being  absorbed.  It 
can  also  be  rendered  apparent,  however,  by  causes  whk  h 
cannot  change  the  state  of  oxygenation,  as  by  dilution. 
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with  water,  or  the  addition  of  a little  alkali ; and  hence 
probably  the  reason  of  its  not  appearing  when  the  salt  con- 
tains the  iron  imperfectly  oxidated,  is,  that  the  oxide  in 
that  state  is  retained  by  a stronger  attraction  in  combina- 
tion with  the  acid  with  which  it  is  united,  than  when  the 
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oxidation  is  more  perfect.  The  colour,  from  the  action  ql 
gallic  acid,  is  less  deep  than  that  from  tannin  ; and  the  pre- 
cipitate is  much  finer,  and  remains  longer  suspended.  Per- 
haps there  is  some  reason  to  suspect,  that  the  colour  is 
always  produced  by  tannin  adhering  to  the  acid,  and  that 
the  acid,  only  by  its  re-action  on  the  precipitate,  brings  the 
compound  more  nearly  to  a state  of  solution. 

From  this  relation  subsisting  between  gallic  acid  and 
tannin  on  oxide  of  iron,  arises  the  advantage  derived  from 
their  combination,  in  the  formation  of  writing  ink,  or 
black  dyes,  or  the  superiority  of  the  infusion  of  a vege- 
table astringent,  in  producing  the  colour,  to  either  of  them 
in  its  separate  state. 


Sect.  XIV.— Of  Malic  Acid. 

The  juices  of  unripe  fruit  are  in  general  sour,  and  this 
is  owing  principally  to  the  presence  of  an  acid,  which  be- 
ing abundant  in  the  unripe  fruit  of  the  apple,  has  been 
named  Malic  Acid.  It  exists  in  many  other  unripe  fruits, 
particularly  in  the  plumb,  sloe,  barbery,  gooseberry,  and 
currant,  mixed  more  or  less  with  another  acid,  the  citric. 
To  obtain  it  pure,  the  juice  containing  it  is  neutralized  by 
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carbonate  of  potash,  to  the  saturated  liquid  acetate  of  lead 
is  added;  the  malate  of  lead  which  is  precipitated,  is  wash- 
ed with  water,  and  is  then  decomposed  by  sulphuric  acid. 
This  acid  is  also  artificially  formed  in  the  action  of  nitric 
acid  on  fecula,  sugar,  and  other  vegetable  principles,  and 
is  separated  from  the  oxalic  acid,  generally  formed  in  the 
same  processes  by  the  addition  of  lime-water,  which  forms 
with  the  oxalic  acid  an  insoluble  compound,  with  the  ma- 
lic acid  one  that  remains  dissolved. 

Malic  acid,  however  far  its  solution  may  be  evaporated, 
does  not  crystallize,  a property  by  which  it  is  distinguish- 
ed from  the  other  vegetable  acids.  It  acquires  a brown 
colour,  and  becomes  thick  ; its  taste  is  extremely  sour,  and 
it  reddens  strongly  the  vegetable  colours.  It  suffers  spon- 
taneous decomposition.  It  is  also  decomposed  by  heat, 
affording  the  usual  products  of  the  decomposition  of  vege- 
table matter,  and  in  particular  a large  proportion  of  car- 
bonic acid  gas.  It  is  charred  by  sulphuric  acid.  By  nitric 
acid,  it  is  converted  into  oxalic  acid. 

This  acid  combines  with  the  alkalis  and  earths,  form- 
ing salts  denominated  Malates.  The  alkaline  malates  are 
soluble  and  deliquescent,  and  even  the  earthy  malates  have 
more  solubility  than  the  salts  formed  by  the  earths  with 
the  other  vegetable  acids  ; by  a slight  excess  of  acid,  they 
are  in  particular  x-endered  quite  soluble. 

Malic  acid  acts  on  those  metals  which  have  a strong 
affinity  to  oxygen,  and  combines  with  the  oxides  of  the 
others,  and  in  consequence  of  this,  decomposes  several 
metallic  salts. 
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Sect.  XV. — Of  Citric  Acicl. 

....  A-  - • ' 

This  acid  exists  in  the  lime,  the  lemon,  the  tamarind, 
and  many  other  sour  fruits.  It  may  be  obtained  from 
them  by  expression,  the  acid  juice  being  diluted  with  al- 
kohol,  by  .which  the  mucilaginous  matter  is  precipitated, 
and  the  alkohol  being  then  evaporated  ; but  the  purifica- 
tion by  this  method  is  not  complete-  According  to  the  pro- 
cess given  by  Scheele,  the  expressed  juice  of  the  lemon, 
after  filtration,  is  neutralized  by  carbonate  of  lime.  The 
citrate  of  lime  thus  formed  is  insoluble  in  water  ; it  is 
washed  to  carry  off  any  remaining  mucilage,  and  is  de- 
composed by  adding  half  its  weight  of  sulphuric  acid,  di- 
luted with  six  parts  of  water,  the  action  being  promoted 
by  a gentle  heat.  The  sulphate  of  lime  is  precipitated, 
the  citric  acid  remains  dissolved,  and  by  evaporation  may 
be  obtained  in  a crystalline  form.  The  crystallization  is 
more  easily  effected  when  a slight  excess  of  sulphuric  acid 
has  been  added.  If  the  acid  is  coloured  brown,  it  may 
be  obtained  white  by  a second  crystallization. 

Its  crystals  are  rhomboidal  prisms ; they  are  permanent 
in  the  air,  or  slightly  efflorescent ; they  are  soluble  at  a 
moderate  temperature,  in  little  more  than  their  own  weight 
of  water,  and  in  half  their  weight  of  boiling  water  ; the 
solution  has  a strongly  acid  taste,  and  reddens  deeply  the 
vegetable  colours. 

Citric  acid,  exposed  to  heat,  is  decomposed,  affording 
carburetted  hydrogen,  carbonic  acid,  and  empyreumatie 
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acetic  acid,  with  a residuum  of  charcoal.  Its  constituents 
therefore  are,  carbon,  hydrogen,  and  oxygen. 

This  acid  is  not,  like  several  others,  convertible  into 
oxalic  acid ; but,  when  decomposed  by  the  nitric  or  sul- 
phuric acid,  is  changed  partly  into  acetic,  partly  into  car- 
bonic acid. 

Citric  acid  combines  with  the  alkalis  and  earths,  and  me- 
tallic oxides  ; citrate  of  potash  is  soluble,  deliquescent,  and 
does  not  easily  crystallize ; citrate  of  soda  is  likewise  very 
soluble,  but  crystallizes  readily  in  six-sided  prisms,  w'hieh 
are  efflorescent ; citrate  of  ammonia  also  crystallizes, 
though  with  difficulty,  in  elongated  prisms.  The  earthy 

m i 1 

citrates  are  much  less  soluble.  The  metallic  citrates  are 
not  sufficiently  important  to  require  notice. 


Sect.  XVI. — Of  Oxalic  Acid, 

This  acid  exists  abundantly  in  the  juice  of  the  leaves  of 
the  sorrel,  (oxalis  acetosella),  combined  with  a portion  of 
potash  not  sufficient  to  neutralize  it.  This  salt,  the  super- 
oxalate of  potash,  is  obtained  by  expressing  the  juice,  al- 
lowing the  impurities  to  subside,  and  clarifying  it  more 
completely  by  boiling  it  with  water,  in  which  a small  por- 
tion of  fine  clay  is  suspended.  After  due  evaporation,  the 
salt  crystallizes,  and  is  purified  by  a second  crystallization. 
From  the  super-oxalate  of  potash  the  oxalic  acid  may 
be  procured,  according  to  the  process  given  by  Scheclc, 
by  atldinfpfo  its  solution  acetate  of  lime,  as  long  as  there 
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is  any  precipitation  ; the  oxalate  of  lead,  being  washed,  is 
decomposed  by  sulphuric  acid,  which  combining  with  the 
oxide  of  lead,  the  oxalic  acid  is  disengaged.  This  acid 
can  also  be  formed  by  an  artificial  process  ; and  as  this  is 
easily  conducted,  it  is  more  frequently  obtained  by  it  than 
from  the  native  salt.  The  process  consists  in  oxidating 
sugar  by  nitric  acid.  One  part  of  refined  sugar  in  powder 
is  put  into  a retort  with  three  parts  of  nitrous  acid  $ a 
strong  mutual  action  is  exerted,  and  nitrous  acid  vapours 
are  disengaged  ; when  this  has  ceased,  an  additional  poi- 
tion  of  acid  is  added,  and  a moderate  heat  applied  ; the 
liquor,  on  cooling,  affords  a large  quantity  of  oxalic  acid, 
crystallized  in  slender  prisms.  1 he  uncrystallizable  liquid, 
which  contains  malic  acid,  being  removed,  the  crystals  arc 
purified  by  solution,  and  a second  crystallization.  1 he  acid 
is  in  this  process  formed  not  merely  from  the  oxygenation 
of  the  sugar  by  the  nitric  acid,  but  from  more  complicated 
changes  of  composition  not  well  determined.  It  is  obtain- 
ed, by  a similar  process,  from  fecula,  gum,  and  several 
other  vegetable  products. 

Oxalic  acid  crystallizes  in  slender  four-sided  rhomboidal 
prisms  ; the  crystals,  when  pure,  are  white  and  tianspa- 
rent.  Their  taste  is  sour,  and  they  redden  deeply  the  ve- 
getable colours.  They  are  soluble  in  twice  their  weight  .of 
cold  water,  and  in  an  equal  weight  of  boiling  water.  I hey 
are  also  soluble  in  alkohol. 

Exposed  to  heat,  oxalic  acid  suffers  decomposition. 
The  products  arc  an  acid  liquor,  with  a quantify  o!  con- 
crete acid,  which  condenses  in  the  neck  of  the  retort,  and 
which  is  the  oxalic  acid  extremely  pure ; much  carbonic 
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acid,  and  carbonic  oxide,  or  carburetted  hydrogen  gases, 
are  disengaged  ; there  is  scarcely  any  empyreumatic  oil ; 
it  may  be  inferred,  therefore,  that  there  is  little  hydrogen 
in  the  composition  of  this  acid,  that  it  contains  a large 
proportion  of  carbon,  and,  probably  from  its  being  form- 
ed from  the  other  vegetable  acids  by  processes  communi- 
cating oxygen,  that  it  contains  also  a considerable  portion 
of  this  element.  It  suffers  decomposition  from  the  action 
of  the  more  powerful  acids. 

This  acid  exerts  affinities  of  considerable  strength  to  the 
alkalis  and  earths.  Its  salts  are  named  Oxalates.  Oxalate 
of  potash,  if  neutral,  is  not  easily  crystallized,  but  with 
even  a slight  excess  of  acid,  readily  assumes  a crystalline 
form,  and  the  native  super-oxalate  may  be  obtained  in 
crystals  of  considerable  size,  white,  permanent  in  the  air, 
and  abundantly  soluble  in  water.  Oxalate  of  soda,  when 
neutral,  is  much  less  soluble ; but  with  an  excess  of  acid, 
is  more  soluble,  and  more  disposed  to  crystallize.  Oxalate 
of  ammonia  is  abundantly  soluble  when  neutral,  and  with 
a slight  excess  of  acid,  is  obtained,  by  slow  evaporation, 
crystallized  in  quadrangular  prisms.  The  earthy  oxalates, 
with  the  exception  of  oxalate  of  argil,  are  of  very  sparing 
solubility.  The  acid  appears  to  exert  a strong  affinity  to 
lime,  attracting  it  from  any  other  acid,  as  the  lime,  on 
the  other  hand,  attracts  the  oxalic  acid  from  any  other 
salifiable  base  ; and  the  compound  being  of  very  sparing 
solubility,  its  formation  affords  a very  delicate  test,  either 
of  lime,  or  of  the  acid  itself.  The  metallic  oxalates  pre- 
sent no  fact  of  any  interest  with  regard  to  their  history. 

Oxalic  acid  is  principally  employed  as  a test  of  lime. 
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The  native  super-oxalate  of  potash,  under  the  name  of 
Salt  of  Lemons,  is  used  to  remove  ink-stains,  an  effect 
which  it  produces  by  dissolving  the  oxide  of  iron,  which, 
with  tannin,  forms  the  colouring  matter  of  ink. 


Sect.  XVII.— Of  Tartaric  Acid. 

This  acid,  as  it  exists  in  vegetables,  is  usually  combined 
with  potash,  forming  a salt  with  an  excess  of  acid,  the 
super-tartrate  of  potash.  This  is  deposited  in  consider- 
able quantity  from  the  juice  of  the  grape  during  its  con- 
version into  wine,  or  rather  from  the  wine  during  the  slow 
fermentation  it  suffers  in  the  cask.  It  does  not  appear  to 
be  a product  of  the  fermentative  process,  but  pre-exists  in 
the  juice  of  the  grape,  and  is  merely  separated.  It  also 
exists  in  other  fruits,  as  in  the  tamarind,  of  which  it 
forms  a considerable  part.  As  first  deposited  from  ^vine 
it  is  impure,  having  associated  with  it  colouring  matter, 
and  tartrate  of  lime.  In  this  state  it  forms  the  Ciude 
Tartar  of  commerce,  named  White  or  Red  Tartar,  ac- 
cording to  its  colour.  It  is  purified  by  boiling  it  in  water, 
with  the  addition  of  a small  quantity  of  fine  clay,  which 
attracts  the  colouring  matter.  By  evaporation  it  is  ob- 
tained crystallized,  forming  the  Purified  Tartar,  Crystals, 
or  Cream  of  Tartar  of  the  shops. 

From  this  salt  the  tartaric  acid  is  obtained.  The  pro- 
cess of  Schecle,  which  is  the  best,  consists  in  adding  to  a 
solution  of  the  super-tartrate  of  potash  in  boiling  water, 
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carbonate  of  lime  in  powder,  as  long  as  any  effervescence 
is  excited  ; the  tartrate  of  lime  which  is  formed  and  preci- 
pitated, being  well  washed,  is  decomposed  by  adding  sul- 
phuric acid  equal  in  weight  to  the  chalk  that  had  been 
employed,  previously  diluted  with  half  its  weight  of  water, 
digesting  them  with  a moderate  heat ; the  sulphuric  acid 
combines  with  the  lime,  and  forms  the  sulphate,  which  being 
of  sparing  solubility,  is  separated,  while  the  tartaric  acid 
is  dissolved  by  the  water,  and  by  evaporation  is  obtained 
in  a crystallized  form. 

The  crystals  of  this  acid  are  usually  tabular,  sometimes 
also  prisms,  white  and  nearly  transparent ; their  taste  is 
very  sour,  and  they  redden  deeply  the  vegetable  colours. 
They  are  very  soluble  in  water,  and  form  a solution  so 
concentrated  as  to  have  an  oily  appearance. 

Tartaric  acid  is  decomposed  by  heat ; it  affords  a large- 
quantity  of  empyreumatic  acetic  acid,  with  a portion  of 
empyreumatic  oil,  much  aerial  fluid,  consisting  of  carbonic 
acid  and  earburetted  hydrogen,  and  a bulky  charcoal. 

It  combines  with  the  alkalis  and  earths,  forming  salts, 
properly  named  Tartrates,  though  from  this  acid  having 
the  name  of  Tartarous  given  to  it,  theyr  are  often  denomi- 
nated Tartrites.  The  acid  appears  to  have  a peculiar 
tendency  to  enter  into  simultaneous  combination  with  more 
than  one  base,  and  to  form  ternary  salts,  which  crystallize 
with  much  regularity,  and  arc  of  uniform  composition. 

Tartarate  of  potash  is  usually  formed  by  neutralizing 
the  excess  of  acid  in  the  6Uper-tartrate,  by  the  addition 
of  carbonate  of  potash.  From  its  affinity  to  water,  it  is 
not  easily  obtained  crystallized  j by  slow  evaporation,  how- 
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ever,  in  a dry  atmosphere,  crystals  in  the  form  ol  tetrae- 
dral  prisms  are  procured.  It  is  deliquescent  in  a humid  at- 
mosphere, and  very  soluble  in  water,  whence  its  name  oi 
Soluble  Tartar.  It  is  very  susceptible  of  decomposition, 
so  far  as  relates  to  the  abstraction  of  that  portion  ol  alkali 
which  renders  it  neutral,  and  hence  it  is  converted  by  the 
action  even  of  weak  acids  into  the  super-tartrate.  1 his 
super-tartrate  is  of  more  sparing  solubility,— requiring  60 
parts  of  cold  and  30  of  boiling  water  for  its  solution.  It  con- 
cretes from  the  latter  solution  in  small  irregular  crystalline 
masses,  white  and  semi-transparent.  Its  taste  is  soui . It 
consists  of  57  of  acid  and  33  of  potash,  with  i of  water. 
Jt  is  decomposed  by  heat,  and,  from  the  decomposition  oi 
the  acid,  is  converted  into  carbonate  of  potash. 

Tartrate  of  soda  is  soluble  and  crystallizable  ; a triple  salt, 
the  Tartrate  of  potash  and  soda,  formerly  named  Rochelle 
Salt,  is  formed  by  neutralizing  the  excess  of  acid  in  the  super- 
tartrate,  by  adding  carbonate  ol  soda.  It  crystallizes  in  i c- 
gular  rhomboidal  prisms.  Tartrate  of  ammonia  is  a very, 
soluble  salt.  The  tartrates  of  barytes  and  lime  are  insoluble  j 
those  of  magnesia  and  argil  do  not  crystallize,  their  solu- 
tions becoming  gelatinous  on  evaporation. 

Tartaric  acid  acts  on  some  of  the  metals,  and  it  may  be 
combined  with  the  oxides  of  all  ol  them  by  double  affinity. 
From  the  excess  of  acid  in  the  super-tartrate  of  potash, 
it  dissolves  several  of  the  metals  or  their  oxides  ; and  from 
the  tendency  of  this  acid  to  establish  ternary  combination^, 
the  compounds  thus  formed  are  often  ol  upifonn  composi- 
tion. The  most  important  of  them  is  that  formed  with 
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oxide  of  antimony,  the  preparation  and  properties  of  which 
have  been  noticed  under  the  history  of  that  metal. 

I 


Sect.  XVIII.— Of  Benzoic  Acid.  . 

This  acid  exists  in  the  natural  balsams,  in  combination 
with  resin  and  essential  oil,  and  is  obtained  from  them  by 
the  application  of  a moderate  heat, — from  the  one  named 
Benzoin  in  largest  quantity,  whence  its  name  •,  it  rises  in  va- 
pour, and  condenses  in  slender  prisms.  It  can  also  be  ex- 
tracted by  boiling  the  benzoin  in  water,  or  in  larger  quan- 
tity, by  boiling  it  with  a portion  of  slaked  lime,  and  de- 
composing the  benzoate  ot  lime  which  is  formed,  by  add- 
ing to  the  liquor  when  cold  muriatic  acid ; the  benzoic 
acid  is  precipitated.  In  all  these  cases  the  benzoic  acid 
appears  to  be  merely  extracted  from  the  balsam  in  which 
it  exists,  and  not  formed,  as  some  chemists  have  supposed ; 
for  it  is  not  very  probable  that  the  formation  of  a substance 
perfectly  uniform  as  obtained  by  these  processes,  should 
be  determined  by  operations  so  dissimilar ; and  the  chemi- 
cal agency  of  some  of  them,  of  water  for  example,  appears 
not  to  be  sufficiently  powerful  to  cause  its  formation. 
This  acid  is  not  only  a vegetable  product,  but  belongs 
also  to  the  animal  kingdom,  being  sometimes  found  in  the 
urine  of  gramenivorous  animals  ; also  in  that  of  childien  j 
and  in  general,  indeed,  when  the  phosphoric  acid  ot  that 
secretion  is  deficient. 
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Benzoic  acid  is,  according  to  the  usual  method  in  which 
it  is  obtained,  in  soft  light  flakes,  or  in  slender  needle-lhce 
crystals ; when  pure,  white  and  brilliant.  Its  taste  is 
pungent,  and  slightly  acidulous.  It  has  a peculiar  odour, 
somewhat  aromatic,  which  becomes  strong  when  it  is 
heated  and  volatilized.  This  appears  not  to  be  essential  to 
it,  but  tq  be  derived  from  a small  portion  of  oily  matter  de- 
rived from  the  balsam. 

This  acid  is  fusible  ; and  when  it  has  become  solid  after 
fusion,  its  surface  exhibits  a stellular  radiated  appear- 
ance. It  is  also  volatile.  Heated  on  burning  fuel,  it  in- 
flames. Urged  with  a strong  fire  in  close  vessels,  the  por- 
tion that  is  not  immediately  sublimed  is  decomposed, 
and  affords  an  acid  liquid,  a quantity  of  oil  more  abundant 
than  what  is  produced  in  the  decomposition  of  any  other 
vegetable  acid : carburetted  hydrogen  is  also  disengaged 
in  a considerable  proportion,  and  charcoal  is  left  in  the 
retort.  It  consists,  therefore,  of  the  usual  principles  of 
vegetable  matter,  and,  compared  with  the  other  vege- 
table acids,  hydrogen  predominates  in  its  composition. 

It  is  scarcely  soluble  in  cold  water,  but  is  abundantly  so- 
luble in  hot  water.  Its  hot  solution  reddens  the  infusion 
of  litmus.  Alkohol  dissolves  it  abundantly  ; and  it  is  pre- 
cipitated from  this  solution  by  the  addition  of  cold  water. 

Benzoic  acid  is  not  easily  decomposed  by  the  mineral 
acids  ; they  dissolve  it,  but  it  is  precipitated  again  by  water 
little  changed. 

This  acid  unites  with  the  alkalis  and  earths,  forming  salts 
•denominated  Benzoates;  their  properties  arc  not  important. 
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have  not  been  fully  described,  and  scarcely  require  distinct 
notice.  They  are  all  soluble,  even  those  with  earthy  bases, 
and  in  general  crystallizable.  The  metallic  benzoates  are 
equally  uninteresting.  The  acid  itself,  though  retained  in 
the  materia  medica,  has  no  medicinal  virtue,  and  is  employ- 
ed merely  in  some  officinal  preparations  in  which  it  has  long 
been  an  ingredient. 


Sect.  XIX. — Of  Acetic  Acid. 

This,  like  several  of  the  other  vegetable  acids,  is  a na- 
tive production,  and  is  also  capable  of  being  artificially 
formed.  It  exists  in  the  sap  of  vegetables,  combined  with 
potash  and  lime,  and  is  discovered  by  evaporating  the  sap, 
and  adding  to  the  solid  matter  sulphuric  acid  ; the  vapours 
of  acetic  acid  are  then  perceived  by  their  smell.  It  is 
more  peculiarly,  however,  the  produce  of  fermentation ; 
and  the  production  of  it  even  characterizes  one  stage  of 
that  process.  It  is  under  it,  therefore,  that  its  chemical 
history  is  best  placed. 


Sect.  XX. — Of  Prussic  Acid. 

Prussic  Acid  is  usually  obtained  in  the  decomposition 
of  certain  animal  substances  bv  heat,  from  new  combina- 
tions  of  the  elements  of  animal  matter.  But  it  has  lately 
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been  discovered,  that  it  exists  as  a product  of  the  ve- 
getable system.  It  had  always  been  observed,  that 
this  acid  has  the  peculiar  fragrant  smell  of  peach-blos- 
soms ; and  it  had  also  been  observed,  that  the  same 
smell  is  perceptible  in  the  distilled  waters  from  the  leaves 
of  the  cherry  laurel,  the  seeds  of  the  bitter  almond,  and 
some  similar  vegetables,  all  of  which  are  more  or  less  nar- 
cotic. Bohn  at  length  found,  that  when  potash  is  added 
to  the  water  distilled  from  the  bitter  almond,  it  acquires 
the  property  of  forming  a blue  precipitate  with  solutions  of 
iron, — the  sure  indication  of  the  presence  of  prussic  acid. 
This  has  been  confirmed  by  Vauqvtelin,  Bucholz,  and 
other  chemists ; and  similar  results  have  been  obtained 
from  the  distilled  waters  of  the  peach-blossom  and  the 
cherry-laurel,  even  prussiate  of  potash  being  obtained 
crystallized,  by  distilling  them  from  potash,  and  the  acid 
being  also  abstracted  from  the  oil  of  these  plants.  Prus- 
sic acid,  therefore,  may  be  classed  with  the  vegetable  acids  ; 
but  as  it  is  more  peculiarly  formed  from  animal  matter, 
and  is  more  analogous  in  composition  to  animal  substances, 
its  history  will  be  afterwards  delivered. 


Sect.  XXI. — Of  Moroxylic  Acid . 

i it  is  name  has  been  given  by  Klaproth  to  an  acid 
which  he  extracted  from  a saline  efflorescence,,  found  on 
I he  trunk  of  the  white  mulberry  (morus  alba.)  He  regards 
it  as  a peculiar  acid,  though  farther  investigation  may 
perhaps  connect  it  with  one  or  other  of  the  acids  already 
Vor..  II.  B b 
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known.  In  its  properties  it  approaches  nearest  to  the 
succinic  acid. 

The  saline  exudation  consists  of  this  acid  in  combina- 
tion  with  lime,  and  mixed  with  a portion  of  extractive 
matter.  The  acid  was  obtained  by  two  processes.  In 
the  first,  to  a solution  of  the  salt  a solution  of  acetate  of 
lead  was  added ; and  the  precipitate  formed,  consisting  of 
the  acid  united  with  the  oxide  of  lead,  was  decomposed  by 
sulphuric  acid.  In  the  second,  the  salt  itself  was  decom- 
posed by  sulphuric  acid,  the  sulphate  of  lime  being  sepa- 
rated. 

This  acid  is  similar  to  succinic  acid  in  its  taste.  It  re- 
mains dry  on  exposure  to  the  air,  and  is  soluble  both  in 
water  and  in  alkohol.  When  heated  in  a retort,  a small 
quantity  of  acid  liquor  is  first  obtained } a concrete  salt 
next  rises,  which  condenses  in  the  form  of  prismatic  crys- 
tals, colourless  and  transparent  j a little  charcoal  re- 
mains in  the  retort,  the  sublimed  matter  is  the  acid,  free 
from  the  extractive  matter  which  adheres  to  it  when  it  is 
prepared  in  the  humid  way.  In  its  pure  state,  it  does  not 
precipitate  the  metallic  solutions  ; but  the  native  salt  from 
which  it  is  extracted,  throws  down  precipitates  from  nitrate 
of  silver  and  acetate  of  lead. 


Sect.  XXII.— 0/  Wood , Cork, , and  Suberic  Acid ' 

The  wood  of  vegetables  is  the  base  to  which  thp  other 
principles  arc  attached,  forming  the  structure  of  the  plant, 
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and  the  greater  part  of  the  substance  of  which  it  is  form- 
ed. Its  properties  are  sufficiently  characteristic  to  give  it 
a claim  to  be  regarded  as  a distinct  principle. 

Wood  is  fibrous  in  its  texture.  It  is  inodorous,  insipid, 
and  generally  free  from  colour,  though  it  is  also  frequently 
possessed  of  colour,  taste,  and  smell,  from  the  presence  of  ex- 
tractive matter,  mucilage,  resin,  or  essential  oil,  and  it  is  on- 
ly when  these  have  been  extracted  by  the  action  of  water  and 
alkohol,  that  the  wood  can,  as  a chemical  principle,  be  re- 
garded as  pure.  In  this  state  it  is  insoluble  in  water  ; 
even  when  the  water  is  boiled  on  it,  it  is  not  dissolved.  It 
is  equally  insoluble  in  alkohol : and  hence  it  forms  the  re- 
siduum, when  any  of  the  solid  parts  of  plants  have  been 
acted  on  by  these  fluids.  From  the  action  of  the  air,  if  it 
is  dry,  it  does  not  appear  to  suffer  any  change  ; but  when 
humid,  it  is  gradually  decomposed,  and  passes  through 
various  intermediate  states  to  that  of  a black  mould,  con- 
sisting principally  of  carbon.  The  oxygen  of  the  atmos- 
pheric air  is,  during  this  change,  consumed,  and  carbonic 
acid  formed  with  a portion  of  water,  and  the  latter,  be- 
ing derived  from  the  combination  of  the  Oxygen,  leaves 
carbon  predominant.  When  the  air  is  entirely  excluded, 
■wood  decomposes  with  extreme  slowness,  even  though 
humid,  as,  for  example,  when  it  is  buried  in  the  earth. 
When  the  action  of  water  is  favoured  by  a high  tempera- 
ture, it  appears  to  produce,  however,  a decomposition 
of  wood,  whence,  after  the  first  action  of  the  air,  a por- 
tion of  extractive  matter  is  formed,  which  the  water  dis- 
solves ; and  hence,  as  Saussure  found,  it  is  impossible  to 
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reduce  wood  by  repeated  decoctions  in  water  tb  that  state 
in  which  it  shall  not  yield  by  a new  decoction  with  the  aid 
of  the  action  of  the  atmosphere,  a portion  of  extract. 

The  alkalis  act  on  wood,  and  stain  it  of  a dark  colour  ; 
with  the  assistance  of  heat,  they  soften,  and  partly  dis- 
solve and  decompose  it. 

The  stronger  acids  also  act  on  it.  Sulphuric  acid  chavs 
it,  rendering  it  speedily  black  and  soft.  Nitric  acid  gives 
it  a yellow  tinge ; and  when  acted  on  in  large  quantity, 
disengages  nitrogen  gas,  and  converts  it  into  oxalic  acid, 
with  small  quantities  of  malic  and  acetic  acids. 

Wood  suffers  decomposition  from  heat,  a large  quantity 
of  an  acid  liquor  distils  over,  with  a portion  of  empyreu- 
matic  oil ; carburetted  hydrogen,  and  carbonic  acid  gases 
are  disengaged,  and  a portion  of  ammonia  is  produced, 
which  is  neutralized  by  the  acid.  A charcoal  remains, 
which  retains  the  figure,  and  even  the  texture  of  the  wood. 
The  acid  procured  in  this  process,  was  formerly  regarded 
as  a peculiar  one,  and  named  Pyro-ligneous  Acid ; but 
the  researches  of  Fourcroy  and  Vauquelin  have  shewn, 
that  it  is  diluted  acetic  acid,  with  an  impregnation  of  em- 
pyreumatic  oil. 

When  the  air  is  admitted,  and  the  heat  raised  to  igni- 
tion, wood  burns.  Its  combustion  at  first  gives  much 
light,  from  the  extrication  of  the  hydrogen  in  combination 
with  a part  of  its  carbon  ; but  as  this  is  dissipated,  the 
light  is  diminished,  and  there  is  at  length  only  the  red  glow 
. of  the  charcoal.  The  products  of  the  combustion  are 
principally  carbonic  acid  and  water  •,  and  if  nitrogen  be  a 
constituent  principle  of  wood,  as  its  analysis  by  heat  ap- 
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pears  to  prove,  ammonia  will  probably  also  be  evolved. 
An  ammoniacal  salt  is  accordingly  always  found  in  the 
soot  of  fuel. 

Wood,  from  the  products  of  its  combustion,  or  of  its 
decomposition  by  heat,  appears  to  consist  of  carbon,  hy- 
drogen, and  oxygen.  It  is  evidently,  ot  all  the  vege- 
table principles,  that  which  contains  the  largest  pi  opoi- 
tion  of  carbon;  since,  independent  of  the  quantity  of  this 
principle  disengaged  in  its  analysis,  in  the  state  ol  caibo- 
nic  acid  and  other  elastic  products,  the  residual  charcoal 
amounts  to  one  fourth  or  fifth  of  the  weight  of  the  original 
wood.  This  charcoal  always  contains  a portion  of  saline 
matter,  which  it  affords  by  incineration,  principally  car- 
bonates, sulphates,  and  muriates  of  potash  and  lime,  and 
also  earthy  and  metallic  matter,  principally  silex,  iron,  and 
manganese.  Some  of  these  may  be  essential  to  the  compo- 
sition, but,  from  the  researches  ol  Saussure,  it  appears  that 
they  are  often  derived  from  the  soil. 


Cork,  the  external  bark  of  the  Quercus  Suber,  is  ana- 
logous to  wood.  It  is  light,  soft,  spongy,  and  elastic  ; is 
inflammable ; affords  a little  ammonia  by  distillation,  and 
is  acted  on  by  chemical  agents  in  nearly  the  same  manner. 
The  principal  peculiarity  with  regard  to  it,  and  in  winch 
it  differs  from  wood,  is  that,  when  acted  on  by  nitric  acid, 
it  affords  a peculiar  acid,  hence  named  the  Subeiic. 

To  obtain  this  acid,  diluted  nitric  acid  is  distilled  Horn 
cork  with  a gentle  heat,  the  distillation  being  continued, 
until  the  production  of  red  vapours  ceases ; the  whole. 
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while  warm,  is  poured  into  a porcelain  bason,  placed  on  a 
sand-bath,  and  a moderate  heat  is  applied,  stirring  the 
matter  constantly  until  it  ceases  to  exhale  white  irritating 
vapours.  A concrete  soft  substance  is  thus  obtained,  of 
a yellow  colour,  which  is  to  be  put  into  a matrass,  and  di- 
luted with  twice  its  weight  of  distilled  water  ; it  is  heated 
so  as  to  liquify  it,  and  the  solution  is  filtered  from  the  part 
that  is  not  dissolved  by  the  water.  The  solution  is  colour- 
ed, but  the  colour  is  removed,  either  by  saturating  it  with 
an  alkali,  and  precipitating  it  by  an  acid,  or  by  boiling  it 
with  charcoal. 

Suberic  acid  is  not  crystallizable,  but  may  be  obtained 
by  evaporation  in  pellicles,  or  by  precipitation  in  powder. 
Its  taste  is  slightly  bitter  and  acid ; it  reddens  the  vege- 
table colours.  Exposed  to.  heat,  it  is  volatilized,  and  forms 
crystalline  flakes  on  the  sides  of  the  vessel,  Heated  by  the 
blowpipe,  it  liquifies,  then  becomes  pulverulent,  and  is 
sublimed.  It  becomes  brown  from  exposure  to  light. 

It  is  sparingly  soluble  in  cold  water  boiling  water  dis- 
solves half  its  weight  of  it.  Alkohol  developes  in  it  an  aro- 
matic odour. 

Suberic  acid  unites  with  the  alkalis  and  earths.  Its 
salts  are  named  Suberates.  Those  with  alkaline  bases  are 
soluble,  and  have  a bitter  saline  taste  ; those  with  earthy 
bases  are  in  general  of  sparing  solubility,  but  have  also 
the  same  taste.  The  mineral  acids  in  general  precipitate 
the  suberic  acid  from  their  solutions  ; and  they  are  decom- 
posed by  solutions  of  almost  all  the  metallic  salts. 

A character  peculiar  to  this  acid  is,  that  when  a fc\# 
drops  of  it  arc  added  to  a solution  of  indigo  in  sulphuric 
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acid,  it  causes  the  blue  colour  to  pass  to  a green.  La- 
grange  has  pointed  out  other  characters  by  which  it  is 
distinguished  from  the  known  vegetable  acids;  from 
the  citric,  by  not  crystallizing ; from  the  gallic,  by 
not  precipitating  iron  black;  from  the  malic,  by  be- 
ing obtained  in  a concrete  form ; from  the  tartaric,  by 
its  volatility  ; from  the  oxalic,  by  not  precipitating  the  so- 
lution of  sulphate  of  copper,  and  by  yielding  to  it  lime. 
From  these,  and  the  phenomena  presented  in  its  combina- 
tions, he  considers  it  as  proved  to  be  different  trom  all  the 
other  acids,  a conclusion  which  may  be  just,  though  it  is 
to  be  remarked,  that  it  does  not  appear  to  have  ever  been 
obtained  pure,  a portion  of  extractive  matter  adhering  to 
it,  which  may  give  rise  to  some  of  its  properties. 


The  Ligneous  Fibre  is  probably  the  basis  of  other  ve- 
getable productions,  as  of  the  fibres  of  flax,  cotton,  and 
other  vegetables  which  are  dressed  and  wove  in  cloth.  They 
agree  with  it  in  their  natural  production  and  texture,  and 

in  chemical  qualities;  particularly  in  inflammability,  inso- 
lubility in  water  or  alkohol,  and  in  the  changes  they  suf- 
fer from  the  alkalis,  the  mineral  acids,  and  other  re- agents. 
Any  differences  they  do  present,  are  probably  to  be  ascrib- 
ed to  their  state  of  aggregation,  or  to  slight  modifications 
of  composition. 
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Sect.  XXII. — Of  Colouring  Matter , Aroma , Acrid  Prin- 
ciple, Bitter  Principle , Narcotic  Principle. 

From  the  imperfections  of  chemical  analysis,  it  has  not 
been  always  found  practicable  to  refer  some  important  pro- 
perties ol  certain  vegetable  products  to  any  known  proxi- 
mate principles  ; and  in  cases  of  this  kind  the  existence  of 
peculiar  principles,  in  which  these  properties  reside,  has 
been  supposed, — a supposition  apparently  confirmed  by  the 
fact,  that  with  the  property  itself  certain  peculiar  chemical 
relations  are  connected.  Thus,  in  vegetable  substances  pos- 
sessed of  deep  or  brilliant  colours,  the  colour  is  frequently 
found  to  be  capable  ol’  being  abstracted  from  the  vegetable 
matter  by  chemical  agents,  and  transferred,  apparently 
by  the  exertion  of  chemical  affinities,  to  others  ; thus,  in- 
dicating its  existence  in  a principle,  which,  however,  from 
its  general  properties,  cannot  be  identified  with  any  of  the 
established  principles.  The  same  conclusion,  it  has  been 
supposed,  may  be  drawn  with  regard  to  the  odour  of 
plants.  And  there  are  even  facts,  whence  it  has  been  in- 
ferred, that  bitterness,  an  acrid  quality,  and  the  narcotic 
quality,  sometimes  reside  in  a principle  peculiar  to  cadi. 

Th,e  justness  of  jhe  reasoning  on  which  this  kind  of  clas- 
sification has  been  established,  may  well  be  called  in  ques- 
tion ; for  all  these  properties,  even  in  vegetables,  reside  in 
principles  of  different  kinds.  The  colour,  for  example,  docs 
not  belong  to  a principle  of  uniform  properties ; and  there 
is  not  more  propriety  in  admitting  the  existence  of  a prin- 
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ciple  of  colour  or  of  smell  than  a principle,  of  taste,  all 
such  qualities  arising  from  modifications  in  the  compo- 
sition of  any  of  the  varieties  of  vegetable  matter.  Still, 
however,  the  chemical  facts  which  have  been  referred  to 
the  operation  of  such  principles,  and  which  the  present 
state  of  the  science  does  not  admit  of  being  classed  with 
more  precision,  require  to  be  stated ; they  may  therefore 
be  so  far  generalized,  keeping  in  view  only  the  improba- 
bility of  the  assumption  that  such  principles  exist.  As 
thus  connected  merely  by  an  imperfect  hypothesis,  I place 
the  consideration  of  them  under  this  section,  concluding 
the  history  of  the  individual  vegetable  products. 


1.  Colouring  Matter. — Many  of  the  vegetable  sub- 
stances used  from  the  richness  of  their  colours  in  the  pro- 
cesses of  dying,  have  chemical  relations,  whence  there  is 
some  reason  to  infer  the  existence  of  a principle  in  which 
their  colour  resides.  This  colouring  matter,  too,  appears 
analogous  in  several  of  its  properties  to  the  proximate 
principle  denominated  Extract.  Still  it  is  not  uniform  in 
its  chemical  characters ; farther  investigation  must  deter- 
mine how  far  it  is  connected  in  its  different  varieties  with 
any  of  the  other  proximate  principles  j and  at  present  the 
general  facts  belonging  to  the  subject  only  can  be  stated. 
They  are  interesting  from  their  relation  to  the  chemical  arts 
of  dyeing  and  pigment-making. 

The  colouring  mutter  of  vegetables  is  seldom  found  in- 
sulated. It  is  either  mixed  with  other  principles,  or  dil- 
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fused  through  the  leaves,  bark,  or  wood,  and  is  extracted 
bj  the  operation  of  certain  solvents. 

Water,  cold  or  warm,  often  dissolves  it ; sometimes  it 
is  not  soluble  in  water,  but  in  alkohol ; frequently  its  ex- 
traction is  facilitated  by  the  action  of  acids  or  of  alkalis  *, 
facts  which  prove  that  the  colour  is  in  reality  attached  to 
principles  which  are  far  from  being  alike. 

When  dissolved,  the  colouring  matter  may  often  be  ab- 
stracted from  the  solvent  by  substances  which  appear  to 
exert  an  attraction  to  it.  Argil  and  metallic  oxides,  in  par- 
ticular, exert  actions  of  this  kind.  The  former,  if  diffus- 
ed or  boiled  in  a coloured  vegetable  infusion,  frequently 
attracts  the  principle  in  which  the  colour  resides  so  com- 
pletely, that  the  liquor  remains  colourless.  Or  if  alum  be 
dissolved  in  a coloured  infusion,  and  it  be  decomposed  by 
the  addition  of  an  alkali,  the  argil  in  the  moment  of  its 
precipitation  attracts  the  colouring  matter  with  a similar 
effect,  and  also  forms  a coloured  precipitate.  In  like  man- 
ner, if  a coloured  infusion  be  boiled  with  a metallic  oxfde, 
or  a metallic  salt  dissolved  in  the  infusion  is  decomposed 
by  an  alkali,  it  often  happens  that  the  colouring  matter  is 
attracted  by  the  oxide.  It  is  apparently  from  similar  affi- 
nities to  the  colouring  matter  that  it  is  often  attracted  by 
linen,  cotton,  silk,  or  wool,  from  its  solutions ; and  even 
where  the  affinities  of  these  are  not  sufficiently  powerful,  they 
may  be  rendered  capable  of  attracting  it,  or  the  combina- 
tion may  be  rendered  more  permanent,  by  their  being  im- 
pregnated with  another  substance,  which  has  towards  it  a 
still  stronger  attraction.  Lastly,  the  shade,  and  even  fre- 
quently the  tint  of  colour,  are  altered  by  chemical  agents. 
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The  alkalis,  acids,  and  various  neutral  and  metallic  salts, 
exert  operations  of  this  kind. 

On  these  principles  rest  in  a great  measure  the  art  of 
dyeing,  the  processes  of  which  are  arrangements  founded  on 
the  affinities  of  colouring  matter,  in  consequence  of  which 
colours  are  extracted,  modified,  transferred  to  the  cloth, 
and  rendered  more  permanent.  For  this  view  of  the  sub- 
ject we  are  principally  indebted  to  Bergman.  In  immers- 
ing pieces  of  wool  and  of  silk,  in  a solution  of  indigo  in 
sulphuric  acid,  largely  diluted  with  water,  he  observed,  that 
the  wool  was  speedily  dyed,  and  that  if  the  proper  propor- 
tions were  observed,  the  solution  in  which  it  was  immers- 
ed was  deprived  of  colour.  The  silk  was  dyed  more  weak- 
ly ; it  only  lessened  the  colour  of  the  solution,  but  did  not 
abstract  it  entirely.  These  phenomena  he  ascribed  to  the 
different  forces  of  attraction  exerted  by  these  substances 
towards  the  colouring  matter.  In  consequence  of  such  an 
attraction,  the  sulphuric  acid  had  dissolved  the  indigo  ; the 
silk  exerted,  however,  to  the  particles  of  the  indigo,  a 
stronger  attraction  than  the  diluted  acid  did  in  which  they 
were  dissolved : it  therefore  abstracted  them  from  the  fluid. 
And  the  wool  did  this  still  more  completely,  as  having  to 
these  particles  a still  stronger  attraction. 

Even  where  the  substance  to  be  dyed  has  little  or  no 
attraction  to  the  matter  on  which  the  colour  depends,  so 
as  either  not  to  be  capable  of  abstracting  it  from  its  sol- 
vent, or  of  retaining  it  with  such  force  as  to  form  a per- 
manent dye,  the  colour  may  be  communicated  and  ren- 
dered permanent  by  the  intermedium  of  a substance  which, 
having  an  attraction  on  the  one  hand  to  the  colouring 
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matter,  and  on  the  other  to  the  cloth  or  thread,  shall  serve 
to  unite  them.  Such  substances  are  named  Mordants, 
and  their  use  is  essential  in  the  processes  of  dyeing.  The 
principal  mordants  are  alum,  acetate  of  argil,  muriate  of 
tin,  sulphates  ot  copper  and  zinc,  acetate  of  copper,  oxide 
of  arsenic,  tannin,  and  certain  animal  substances.  Of 
those  of  the  saline  kind,  it  is  not  so  much  the  entire  salt, 
as  its  earthy  or  metallic  base,  that  serves  to  fix  the  colour- 
ing matter ; and  in  the  course  of  the  process  it  is  often 
disunited  from  its  acid.  Hence  the  extensive  application 
ol  alum,  and  of  the  solutions  of  tin,  as  mordants,  from 
the  powerful  affinities  of  argil  and  oxide  of  tin  to  colour- 
ing matter.  Sometimes  mordants  are  cmplojTd  rather  to 
heighten  the  colour,  or  give  it  more  brilliancy,  or  commu- 
nicate a particular  shade.  With  these  different  views, 
they  are  susceptible  of  a great  variety  of  applications,  with 
regard  to  the  various  dyes  and  the  different  cloths  ; and 
the  proper  management  of  them  constitutes  the  principal 
part  of  the  art  of  dyeing. 

The  art  of  cloth-printing,  or  calico-printing,  in  other 
words,  of  dyeing  in  certain  colours  particular  spots  of  the 
cloth,  or  figures  impressed  on  it,  while  the  ground  shall 
be  of  a different  colour  or  entirely  white,  depends  on  the 
same  principles.  A mordant  is  applied  by  a stamp  to  the 
part  on  which  the  figures  are  to  be  impressed  ; it  thus  re- 
ceives a permanent  dye,  while  the  colour  of  the  rest  of  the 
cloth  is  easily  discharged,  thus  leaving  a coloured  design 
on  a white  ground.  The  mordants  principally  used  in 
this  process,  are  the  acetate  ot  argil  and  acetate  of  iron. 
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these,  with  logwood,  quercitron,  and  other  colouring  sub- 
stances, giving  different  colours. 

The  formation  of  the  vegetable  pigments,  or  what  are 
named  Lakes,  affords  another  exemplification  of  the  affi- 
nities of  colouring  matter.  The  colour  is  extracted  by  its 
proper  solvent,  generally  by  water  ; and  there  is  added  to 
the  solution  some  substance  capable  of  attracting  and  com- 
bining with  the  colouring  matter,  so  as  to  form  a precipi- 
tate. Thus,  if  alum  be  dissolved  in  an  infusion  of  brazil 
wood,  and  an  alkaline  solution  be  added,  the  argillaceous 
earth  is  precipitated,  and  carries  with  it  the  colouring 
matter,  forming  therefore  a lake.  Similar  lakes  are  form- 
ed from  other  coloured  vegetables  ; and  the  most  beautiful 
of  them,  carmine,  is  prepared  by  a similar  process  Irom. 
cochineal,  a colouring  substance  of  animal  oiigin. 

The  vegetable  substances  used  in  dyeing  are  extremely 
numerous.  The  colouring  matter  ot  the  greater  number 
of  them,  such  as  all  the  woods  and  barks,  logwood,  brazil 
wood,  weld,  quercitron,  &c.  appears  to  approach  m its 
characters  to  extract,  and  admits,  therefore,  of  few  ob- 
servations as  to  their  chemical  history,  farther  than  what 
have  been  already  stated.  Indigo  is  a substance  more  pe- 
culiar, and  with  regard  to  which  there  are  some  singular 
facts.  It  is  in  some  measure  an  artificial  preparation. 
The  plant  which  affords  it,  being  cut  when  ripe,  is  put  into 
troughs  with  w-ater,  and  pressed  down.  A species  ol  fer- 
mentation is  soon  excited,  and  a quantity  ol  aiiiiul  fluid  is 
disengaged,  partly  inflammable.  9 he  water  becomes  tur- 
bid, and  when  the  process  has  been  sufficiently  ad  van  ceil, 
it  is  drawn  off  into  another  trough,  where  it  is  kept  agi- 
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tated,  to  promote  the  separation  of  the  colouring  particles? 
Towards  the  end  of  this  stage  of  the  operation,  a portion 
of  lime-water  is  added,  which  still  farther  favours  this  se- 
paration. The  liquor  is  withdrawn  into  another  vessel,  in 
which  the  deposition  is  allowed  to  go  on ; and  the  indigo, 
which  forms  its  solid  matter,  is  obtained  by  gentle  pressure 
in  the  state  of  a paste,  which  is  dried  by  exposure  to  the 
air,  excluding  the  solar  rays.  The  rationale  of  the  pro- 
cess by  which  it  is  prepared  is  not  well  understood.  The 
plant,  by  expression  or  infusion,  affords  only  a green  co- 
louring matter  previous  to  the  fermentation ; and  we  have 
no  piecise  facts  from  which  it  can  be  determined  how  this 
fermentation  is  so  easily  excited,  what  are  the  changes  it 
occasions,  or  how  these  are  connected  with  the  production 
of  the  colouring  matter. 

Indigo  is  of  a rich  blue  colour  ; it  is  light  and  friable, 
has  a smooth  fracture,  is  tasteless,  and  has  scarcely  any 
smell.  \\  ith  its  pure  colouring  matter  it  contains  other 
principles,  particularly  a portion  of  gummy  and  of  resinous 
matter,  earth,  and  oxide  of  iron.  It  yields  its  mucilagi- 
nous part  to  water,  but  the  colouring  matter  is  not  dis- 
solved. It  is  equally  insoluble  in  alkohol,  or  in  ether,  a 
small  portion  of  the  resin  only  being  dissolved. 

The  action  of  acids  on  indigo  is  more  energetic  and  im- 
poi  tant.  Concenti  ated  sulphuric  acid  dissolves  it  even  in 
the  cold ; the  solution  appears  black,  from  the  deepness 
of  its  colour,  and  even  when  largely  diluted  with  water, 
retains  a deep  blue  colour.  The  colour  is  changed  to  a 
green,  by  the  action  of  a number  of  substances  upon  it; 
as  by  sulphurous  acid,  vinegar,  ammonia,  alkaline  sul- 
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phurets,  sulphate  of  iron ; and  by  some  of  these  the  co- 
lour is  entirely  destroyed.  The  alkaline  carbonates  throw 
down  from  the  solution  a blue  powder,  which  Bergman 
named  Precipitated  Indigo. 

The  action  of  nitric  acid  on  indigo,  when  the  acid  is 
concentrated,  is  even  so  violent  as  to  inflame  it  ; and  when 
diluted,  it  still  acts  on  it  forcibly,  and  decomposes  it;  a 
substance  is  formed,  which,  freed  from  nitric  acid  by 
washing  forms  a brown-coloured  mass,  of  a strong  bitter 
taste,  requiring  a large  quantity  of  water  for  its  solution, 
and  more  soluble  in  alkohol.  This  is  the  substance  which 
has  received  the  name  of  Bitter  Principle,  and  which,  as 
a product  of  the  action  of  nitric  acid  on  different  varieties 
of  animal  matter,  is  afterwards  to  be  noticed.  A little 
oxalic  acid  is  also  formed,  and  a portion  of  tannin. 

Muriatic  acid  does  not  act  on  the  colouring  matter  of 
indigo,  but  dissolves  the  oxide  of  iron  and  the  earthy 
matter.  The  greater  number  of  the  other  acids  act  on  it 
in  the  same  manner.  Oxy-muriatic  acid  destroys  its  bluo 

colour. 

The  fixed  alkalis  extract  a portion  of  matter  from  indigo, 
but  not  that  in  which  its  colour  resides.  They  dissolve, 
however,  precipitated  indigo,  but  the  blue  colour  gradual- 
ly changes  to  a green,  and  is  at  length  destroyed. 

Indigo,  when  exposed  to  heat,  swells,  emits  capours, 
and  burns  slowly  with  a white  flame.  I he  residuum 
consists  of  earthy  matter  and  oxide  of  iron.  1 be  coloui- 
ing  matter,  by  destructive  distillation,  affords  carbonic 
acid,  carbonate  of  ammonia  dissolved  in  water,  empyreu- 
matic  oil,  and  charcoal.  It  consists,  therefore,  of  hydro- 
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gen,  oxygen,  nitrogen,  and  carbon,  the  proportion  of 
carbon  being  unusually  large. 

The  chemical  properties  of  this  substance  are  peculiar, 
and  are  evidently  such  as  prevent  it  from  being  considered 
as  a variety  of  any  other  known  principle.  The  applica- 
tion of  it  to  the  art  of  dyeing  presents,  too,  some  singular 
phenomena;  for  although  it  is  not  soluble  in  alkaline  solu- 
tions or  in  lime,  yet,  by  the  intervention  of  other  sub- 
stances, this  solution  is  effected,  so  as  to  form  a dye-liquor. 
1 hese,  which  are  in  general  metallic  preparations,  as  sul- 
phate of  iron,  or  sulphuret  of  arsfenic,  appear  to  operate 
by  abstracting  oxygen,  by  which  the  indigo  is  rendered 
soluble.  It  at  the  same  time  becomes  green,  but  the  cloth 
dyed  in  the  liquor  becomes  blue  on  exposure  to  the  air, 
probably  by  regaining  oxygen. 

W oad  is  a substance  produced  by  a process  similar  to 
that  followed  in  extracting  indigo  from  a different  plant. 
It  gives  a blue  colour,  which  is  permanent,  but  has  not 
the  beauty  of  that  from  indigo.  If  this  plant,  however, 
be  subjected  to  precisely  the  same  process  as  that  followed 
in  preparing  indigo,  it  affords  a blue  colouring  matter  the 
same ; and  there  can  be  little  doubt,  therefore,  that  the 
colouring  matter  of  woad  is  indigo  less  perfectly  prepared. 

Annota  is  prepared,  by  a process  somewhat  similar, 
from  the  seeds  of  the  Bixa  Orellana.  It  is  of  an  orange 
colour,  is  not  perfectly  soluble  in  water,  but  the  addition 
of  an  alkali  rentiers  it  more  soluble,  and  gives  it  a bright 
orange-yellow  colour.  Acids  form  with  this  liquor  an  ' 
orange-coloured  precipitate.  It  is  more  soluble  in  alkohol 
than  in  water. 
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Prom  different  species  of  lichen,  is  prepared  the  colour- 
ins  matter  known  under  the  names  of  Archil  and  Litmus, 
so  useful  to  chemists,  as  the  most  delicate  test  of  acidity. 
The  plant  is  reduced  to  powder ; a quantity  ot  alkali  is 
added  to  it,  and  it  is  kept  moist ; it  ferments,  and  gra- 
dually acquires  a blue  or  violet  colour ; it  is  then  dried. 
Litmus,  or  Turnsole,  is  a similar  substance,  apparently  in  a 
more  pure  state.  The  colouring  matter  is  extracted  by 
•water  5 if  the  solution  be  kept  secluded  from  the  air,  the 
colour  entirely  disappears  ; but  it  is  quickly  renewed  when 
the  air  is  admitted-  It  is  also  soluble  in  alkohol,  and  ex- 
hibits the  same  phenomenon.  It  is  instantly  reddened  by 
the  weakest  acid  liquor ; and  hence  the  watery  infusion  of 
it,  or  paper  stained  with  this,  affords  a very  delicate  test. 


Aroma. — The  odour  of  plants  generally  resides  in  their 
essential  oil ; but  it  has  been  observed,  that  there  are  plants 
smelling  strongly,  as  the  violet  or  the  jessamine,  from  which 
either  no  oil  can  be  procured,  or,  if  obtained  in  small 
proportion,  it  has  not  that  strength. of  odour  which  might 
be  looked  for,  did  this  quality,  as  possessed  by  the  plant, 
depend  on  it.  These  plants,  too,  lose  their  odour  by  ex- 
posure to  a very  moderate  heat,  not  sufficient,  it  has  been 
supposed,  to  volatilize  the  essential  oil.  And  hence  it  has 
been  concluded,  that  there  exists  an  Aroma  or  Principle, 
in  which  their  odour  resides  ; that  this  is  capable  of  being 
combined  with  their  other  principles,  and  that  it  is  even 
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on  its  presence  that  the  essential  oils  have  usually  tin;  odour 
of  the  plant. 

This  hypothesis  rests  on  very  feeble  grounds.  The 
odour  of  plants  may  reside  in  any  of  their  principles, 
arising,  like  other  sensible  qualities,  from  modifications  of 
their  composition ; it  does,  in  different  vegetables,  exist 
in  principles  of  different  kinds ; there  is  no  direct  proof 
of  the  existence  of  any  subtle  principle,  of  this  nature  ; 
and  all  the  facts  supposed  to  be  favourable  to  the  hypo- 
thesis admit  of  explanation,  on  the  supposition  that  the 
odour  resides  in  the  essential  oil ; that  this  is  sufficiently 
volatile  to  be  dissipated  at  a very  moderate  temperature  ; 
that  it  may  be  diffused  in  atmospheric  air,  or  dissolved  by 
it ; and  that,  suffering  chemical  changes  from  long  expo- 
sure to  the  atmosphere,  it  is  deprived  of  much  of  its  smell 
by  age. 


Acrid  Principle. — There  are  a number  of  plants 
which,  in  their  recent  state,  are  extremely  acrid  to  the 
taste,  and  display  this  acrimony  in  the  irritation  and  in- 
flammation which  they  occasion  when  applied  to  the  skin : 
yet  they  lose  this  peculiar  acrimony  on  being  dried,,  while 
their  more  active  powers  frequently  remain.  From  some 
of  these  plants,  too,  this  acrimony  is  communicated  to 
water  or  alkohol  by  distillation  from  them,  though  no 
other  property,  not  even  odour,  is  thus  conveyed.  It  has 
been  concluded  from  these  facts,  that  there  exists  a pecu- 
liar volatile  principle  in  these  plants  different  from  an  es» 
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sential  oil,  in  which  their  acrimony  resides.  If  its  exist- 
ence shall  be  considered  as  probable,  however,  it  has  never 
been  obtained  in  such  a state  as  to  be  submitted  to  chemical 
examination,  and  all  that  relates  to  it  is  therefore  uncer- 
tain and  obscure. 


Narcotic  Principle. — The  narcotic  power  belonging 
to  some  vegetables,  it  has  been  found,  is  impaired  or  lost 
by  decoction  in  water,  though,  when  the  operation  is  per- 
formed so  as  to  condense  the  water  volatilized,  it  is  not 
found  to  be  impregnated  with  any  essential  oil  j nor  are 
essential  oils  usually  possessed  of  such  active  powers.  In 
some  cases,  the  distilled  water,  as  for  example  that  from 
the  leaves  of  the  cherry-laurel,  has  a narcotic  quality ; in» 
other  cases  it  has  none.  From  such  facts,  the  existence 
of  a narcotic  principle  has  been  inferred. 

The  loss  of  narcotic  power  by  decoction,  in  those  cases 
where  it  is  not  communicated  to  the  water  distilled  from 
the  vegetable  which  possesses  it,  is  probably  to  be  ascribed, 
not  to  the  dissipation  of  any  volatile  principle,  but  to 
changes  of  composition.  Where  it  is  communicated  to 
water,  it  appears  now  to  be  established,  that  it  is  the 
prussic  acid.  This  acid  has  been  discovered,  as  already 
remarked,  in  the  cherry-laurel,  the  bitter  almond,  and 
other  narcotic  plants.  It  has  also  been  found,  that,  in  its 
pure  state,  it  is  narcotic  ■,  and  there  is  therefore  every  pro- 
bability in  the  conclusion,  that  that  quality  in  these  vege- 
tables depends  on  its  presence.  But  there  is  no  reason 
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farther  to  infer  that  it  is  the  narcotic  principle ; for  there 
is  none  to  presume  that  it  exists  in  other  narcotics,  and  it 
is  itself  inferior  in  narcotic  power  to  some  vegetable  pro- 
ducts. A substance  has  been  said  to  be  extracted  from 
opium  by  the  alternate  action  of  water  and  alkohol,  which 
has  even  been  obtained  in  a crystalline  form ; and  this 
matter  having  been  found  to  be  more  powerfully  narcotic 
than  opium,  it  has  been  regarded  as  the  principle  on  which 
the  powers  of  that  drug  depend.  The  results,  however, 
still  rest  on  authority  rather  uncertain  •,  if  they  were  ad- 
mitted, it  does  not  appear  that  this  substance  is  very 
powerfully  narcotic,  and  there  is  no  proof  of  its  being 
contained  in  any  other  nai^otic  vegetable. 


Bitter  Principle. — It  has  been  supposed,  that  a prin- 
ciple exists  in  some  of  the  vegetable  bitters,  in  which  their 
bitterness  resides.  The' properties,  however,  assigned  to 
it,  particularly  its  equal  solubility  in  water  and  in  alkohol, 
and  its  precipitation  by  certain  re-agents,  appear  to  prove, 
that  what  has  been  considered  as  such  is  a variety  of  ex- 
tract. And  were  its  existence  established,  the  name  that 
has  been  given  to  it,  implying  that  it  is  the  principle  of 
bitterness,  can  with  no  propriety  be  assigned  to  it,  since 
so  many  substances  possess  this  quality,  in  which  it  cannot 
be  supposed  to  exist.  A product  of  the  action  of  nitric 
acid  on  certain  vegetable  and  animal  substances  has,  from 
its  intense  bitterness,  been  distinguished  by  the  name  oi 
Bitter  Principle.  There  is  no  reason  to  believe,  however. 
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that  it  is  ever  naturally  formed  and  it  cannot  therefore 
be  regarded  as  a principle  of  vegetables.  As  a product  oi 
decomposition,  it  is  afterwards  to  be  noticed. 


CHAP.  III. 

OP  THE  SPONTANEOUS  CHEMICAL  CHANGES  AND  DLCOM* 
POSITION  OF  VEGETABLE  SUBSTANCES. 

Besides  the  peculiar  chemical  changes  to  which  the  in- 
dividual vegetable  products  are  liable,  there  is  a series  ol 
changes  of  which  they  are  more  or  less  susceptible,  arising 
from  the  spontaneous  re-action  of  their  elements  at  natural 
temperatures,  which  chemists  have  been  accustomed  to 
class  together,  as  forming  the  general  process  they  have 
named  Fermentation.  And  of  this  process  three  stages 
have  been  distinguished,  marked  as  well  by  the  phenomena 
which  attend  them,  as  by  the  peculiar  products  they 

form . the  Vinous  Fermentation,  of  which  vinous  spirit 

is  the  product, — the  Acetous,  from  which  acetous  acid  or 
vinegar  is  formed,— and  the  Putrefactive,  in  which  the  ele- 
ments are  disengaged  in  new  combinations  in  the  elastic 
form.  These  do  not  always  succeed  each  other,  as  it  is , 
not  every  substance  that  is  capable  ol  passing  through  the 
changes  which  constitute  each : but  when  they  do,  the 
vinous  always  precedes  the  acetous,  and  this  again  is  ter- 
minated by  the  putrefactive. 
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Sect.  I. — Of  the  Vinous  Fermentation. 

Saccharine  matter  is  tlie  principle  more  peculiarly 
liable  to  the  vinous  fermentation.  Sweet  vegetable  juices 
pass  into  it  readily,  as  do  those  substances  which  arc  ca- 
pable of  becoming  sweet,  such  as  the  fecula  of  grain. 
When  the  fermentation  commences,  the  liquor,  if  trans- 
parent, soon  becomes  turbid  ; a kind  of  intestine  agita- 
tion of  it  takes  place  ; a quantity  of  aerial  matter  is  form- 
ed, and  disengaged ; the  temperature  rises,  and  this  con- 
tinues until  the  fermentation  is  completed,  which  requires 
a longer  or  shorter  time,  according  to  the  quality  of  the 
fermenting  liquor  ; it  then  becomes  transparent,  deposit- 
ing a sediment,  and  its  qualities  are  found  to  be  wholly 
changed;  it  has  lost  its  bland  and  sweet  taste,  and  acquired 
a greater  or  less  degree  of  pungency ; and  it  is  capable  of 
acting  more  powerfully  on  the  living  system,  producing  an 
exhilirating  or  intoxicating  effect.  The  elastic  fluid  dis- 
engaged during  the  process,  is  carbonic  acid  gas,  accom- 
panied sometimes,  in  the  fermentation  of  fecula,  with  a 
portion  of  hydrogen  gas.  No  peculiar  agency  is  exerted 
by  the  atmospheric  air,  nor  is  its  presence  even  necessary 
to  the. series  of  changes. 

The  process  of  vinous  fermentation  is,  to  a certain  ex- 
tent, dependent  on  external  circumstances.  Thus  a due 
degree  of  temperature  is  required ; it  proceeds  with  most 
uniformity  at  a temperature  from  50  to  55.  At  32°  it  is 
checked,  and  at  60,  or  higher,  it  is  loo  rapid,  and  is  liable 
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to  puss,  before  it  is  completed,  into  the  acetous  stage.  A 
certain  extent  of  dilution  with  water  is  also  neccssniy.  If 
the  impregnation  of  saccharine  matter  is  too  great,  the 
process  is  retarded ; if,  on  the  other  hand,  the  liquoi  is 
too  much  diluted,  it  is  liable  to  become  sour  as  the  fer- 
mentation proceeds.  Lastly,  the  presence  of  a ferment  is 
in  general  required.  A solution  of  pure  sugar  scarcely 
passes  into  a state  of  fermentation,  or  does  so  very  impel - 
fectly,  and  rather  forms  a sour,  than  a vinous  liquor.  The 
substance  by  which  fermentation  is  excited,  is  the  scum 
collected  on  the  surface  of  a liquor  already  in  fermenta- 
tion, or  the  sediment  which  is  deposited,  least,  as  it  is 
named.  This. added  to  any  liquor  capable  of  fermenting, 
causes  the  fermentation  very  soon  to  commence,  and  to 
proceed  rapidly. 

The  nature  of  the  matter  in  yeast,  by  which  fermenta- 
tion is  excited,  has  been  the  subject  of  research,  but  is 
not  perhaps  altogether  ascertained.  Rouelle  remarked, 
that  it  affords  ammonia  by  destructive  distillation  ; and 
Lavoisier  inferred,  that  it  contains  nitrogen.  From  the 
experiments  of  Fabroni,  Thenard,  and  Scguin,  it  ap- 
pears to  be  analogous  to  gluten  or  albumen,  and  to  be 
originally  derived  from  those  sweet  vegetable  juices  which 
are  capable  of  fermenting  without  any  addition,  as  the 
juice  of  the  grape.  According  to  Fabroni,  it  is  contain- 
ed in  this  fruit,  and  also  in  the  nutritive  grains  ; it  is  de- 
posited from  the  juice,  or  from  the  infusion  of  the  grains, 
and  if  added  to  another  sweet  liquor,  causes  it  to  ferment ; 
the  gluten  of  wheat,  with  the  addition  of  a little  tartar 
by  which  its  solubility  in  water  is  promoted,  hns  a similar 
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effect.  Thenard  obtained  from  the  juice  of  the  goose- 
berry, by  filtration,  a substance  slightly  glutinous,  which, 
added  to  a solution  of  sugar,  caused  it  to  ferment ; and 
the  same  substance  he  found  to  be  deposited  from  the 
juices  of  the  grape,  apple,  and  other  fruits,  during  their 
fermentation.  After  drying,  it  is  still  capable,  when  add- 
ed to  a sweet  liquor,  of  exciting  fermentation  j it  is  scarce- 
ly soluble  in  water,  is  decomposed  by  nitric  acid,  nitrogen 
gas  being  disengaged ; it  is  liable  to  putrefaction,  and  af- 
fords, by  destructive  distillation,  the  same  products  as  ani- 
mal matter.  This  principle,  on  the  whole,  seems  to  be 
analogous  to  vegetable  gluten. 

Sugar,  it  has  frequently  been  supposed,  is  the  only  ve- 
getable principle  susceptible  of  the  vinous  fermentation  ; the 
fecula  of  the  nutritive  grains  passing  into  it,  it  was  imagined, 
only  after  having  been  subjected  to  the  process  of  malt  ing,  in 
which  there  is  the  transition  into  saccharine  matter.  It  is 
now  known,  from  the  practice  oi  the  spirit-distillers  of 
this  country,  that  this  preliminary  process  of  malting  is 
not  indispensible ; they  always  add  a portion  of  unmalted 
to  malted  grain,  the  former  is  often  even  in  larger  quanti- 
ty than  the  other ; and  the  infusions  of  this  pass  into  the 
vinous  fermentation,  on  the  addition  of  yeast.  Fourcroy 
and  Vauquelin  have  shewn  by  experiment,  that  unmalted 
grain  alone  can  be  made  to  ferment,  and  afford  a liquor, 
which,  by  distillation,  gives  alkohol.  As  fecula  consists 
of  the  same  principles  as  sugar,  differing  only  in  the  pro- 
portions, it  is  not  difficult  to  conceive,  that  by  the  series 
ol  changes  which  fermentation  establishes,  it  may  afford 
the  same  product. 
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The  theory  of  fermentation  is  still  imperfectly  under* 
stood.  Its  ultimate  result  is,  the  formation  of  a peculiar 
principle,  volatile  and  inflammable,  which  can  be  obtain- 
ed, by  distillation,  from  the  fermented  liquor ; diluted, 
and  with  some  degree  of  intermixture,  it  forms  the  com- 
mon spirituous  liquors  ; and  in  its  pure  form,  Alkohol. 
But  there  is  still  much  uncertainty  with  regard  to  the 
changes  by  which  saccharine  matter,  or  fecula,  is  conv cit- 
ed into  this  product. 

Sugar  being  a compound  of  carbon,  hydrogen,  and  oxy- 
gen, carbonic  acid  gas  being  disengaged  during  fermenta- 
tion, and  no  oxygen  being  absorbed  from  the  air,  Lavoi- 
sier supposed  that  part  of  the  oxygen  and  carbon  of  the 
sugar  combine,  and  form  this  carbonic  acid,  and  that 
its  hydrogen,  with  the  remaining  carbon  and  oxygen,  form 
the  alkohol.  But  to  this  simple  theory  the  objection  is  ob- 
vious, that  the  agency  of  the  ferment  or  yeast,  so  essential 
to  the  process,  is  not  explained.  This  has  since  foimed  a 
subject  of  investigation.  Fabroni  has  supposed,  that  it 
operates  by  its  carbon  attracting  part  of  the  oxygen  of 
the  sugar,  forming  the  carbonic  acid,  while  its  hydrogen 
and  nitrogen  combine  with  the  remaining  elements  of  the 
sugar,  and  form  alkohol.  Thenard  has  given  a similar 
view,  the  yeast  operating,  as  he  supposes,  by  subverting 
the  equilibrium  of  affinities  established  among  the  ele- 
ments of  the  sugar,  by  the  attraction  which  its  caibon 
exerts  to  oxygen  \ it  thus  forms  part  ol  the  cnibonic  acid 
which  is  disengaged,  and  gives  rise  to  the  nc\v  combina- 
tions, whence  the  remaining  carbonic  acid  and  alkohol  are 
produced.  A very  different  hypothesis  is  advanced  by  >Se- 
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gum,  founded  on  tlie  supposition,  that  a portion  of  water 
is  decomposed  in  fermentation;  its  oxygen,  he  infers, 
combines  with  the  carbon  of  the  ferment,  forming  carbo- 
nic acid,  while  the  hydrogen  combines  with  the  saccharine 
matter,  and  converts  it  into  alkohol, — an  hypothesis  „to 
which  there  are  the  obvious  objections,  that  the  product  of 
alkohol  ought  to  exceed  the  quantity  of  sugar,  and  that 
the  small  quantity  of  ferment  cannot  afford  the  carbon  ne- 
cessary to  form  the  large  quantity  of  carbonic  acid  disen- 
gaged. rIhe  subject  still  requires  investigation,  particu- 
larly with  regard  to  the  agency  of  the  ferment : but  the  ulti- 
mate result  of  tile  process  appears  to  be,  as  Lavoisier  sup- 
posed, the  abstraction  of  much  of  the  carbon  and  oxygen 
of  the  saccharine  matter,  and  .hence  hydrogen  predomi- 
nates in  the  composition  of  alkohol. 

From  the  saccharine  juices  of  fruits  wines  are  formed  by 
fermentation,  and  by  the  same  process  liquors  somewhat 
analogous  are  formed  from  the  nutritive  grains.  These 
fermented  liquors  differ  in  their  strength  and  flavour.  The 
wines  from  the  juice  of  the  grape  are  superior  to  the  others  ; 
those  from  other  fruits  are  weaker,  and  are  acescent,  or 
liable  to  become  so  ; arid  the  fermented  liquors  from  the 
nutritive  grains,  retain  some  mucilaginous  and  extractive 
matter  : all  these  afford  spirituous  liquors  by  distillation, 
the  wine  of  the  grape  yielding  the  purest  and  strongest 
product.  The  alkohol  which  forms  the  active  principle  of 
these  varieties  of  ardent  spirit,  was  usually  supposed  to 
pre-exist  in  the  wine,  or  fermented  liquor,  and,  from  its 
volatility,  to  be  separated  merely  by  the  distillation.  Fa- 
broni,  finding  that  wine  could  not  be  produced  by  adding 
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the  product  to  the  residual  liquor  of  the  distillation, 
inferred  that  the  alkohol  is  actually  formed  during  the 
distillation  from  new  combinations  ol  the  principles  ot 
the  fermented  liquor.  But  it  is  easy  to  suppose,  that  the 
changes  of  composition  established  by  the  high  tempera- 
ture, towards  the  end  of  distillation,  may  give  rise  to  the 
circumstance  from  which  this  conclusion  has  been  drawn 
and  the  fact,  that  wine  has  the  power  of  acting  on  the 
living  system,  peculiar  to  alkohol,  and  that  with  a force 
proportional  to  the  quantity  of  this  product  which  it  yields 
by  distillation,  affords  reason  to  conclude  that  it  contains 
the  alkohol  fully  formed,  or  at  least  in  a state  very  analo- 
gous to  that  in  which  it  affords  it. 

O 

Alkohol  is  procured  from  spirituous  liquors  by  repeat- 
ed distillation  ; being  volatile,  it  is  thus  freed  from  the 
water  with  which  it  is  diluted.  The  process  is  usually  fa- 
cilitated, however,  by  certain  additions.  After  the  spiri- 
tuous liquor  has  been  once  distilled,  by  which  it  is  freed, 
not  only  from  a considerable  portion  of  water  which  re- 
mains in  the  still,  but  also  from  the  oily  or  extractive  mat- 
ter, which  gives  it  peculiar  flavour,  there  is  added  to  it  a 
twelfth  of  its  weight  of  the  pearl-ash  of  commerce,  pre- 
viously exposed  to  a red  heat.  This  attracts  a considerable 
portion  of  water,  which  forms  a dense  solution  that  sub- 
sides \ the  spirit  above  is  poured  off,  and  distilled  with  the 
heat  of  a water  bath,  a small  quantity  ol  alum  being  fre- 
quently added,  the  acid  ol  which,  exerting  an  attraction  to 
the  portion  of  potash  which  the  spirit  may  hold  dissolved, 
prevents  it  from  being  brought  over  by  its  affinity  to  the 
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vapour,  and  thus  gives  to  the  spirit  a more  fragrant  odour. 
The  alkohol  thus  procured,  has  still  water  combined  with 
it,  and  even  to  an  extent  which  we  have  not  the  means  of 
appreciating.  It  may  be  obtained,  somewhat  more  con- 
centrated, by  repeated  distillations,  with  a very  gentle  heat, 
from  potash,  or  from  muriate  of  lime. 

Alkohol,  as  obtained  by  the  usual  process,  is  of  the  spe- 
cific gravity  of  0.835,  in  which  state  it  is  sufficiently  adapt- 
ed to  many  of  the  uses,  depending  on  its  chemical  agency, 
to  which  it  is  applied.  It  has  been  brought,  by  concen- 
tration, to  the  specific  gravity  of  800,  or  798,  at  the  tem- 
perature of  60°  : when  of  the  usual  specific  gravity,  0.835, 
it  contains  above  10  of  water,  which  may  be  abstracted  in 
its  higher  rectification.  The  proportions  of  alkohol  and 
water,  at  other  degrees  of  specific  gravity,  have  been  de- 
termined by  Gilpin,  from  a very  extensive  series  of  ex- 
periments. 

Alkohol  is  colourless  and  transparent  •,  its  odour  is  fra- 
grant, and  its  taste  pungent ; it  acts  powerfully  on  the  ani- 
mal system,  producing  exhiliration  and  intoxication.  It 
retains  its  fluidity  at  the  greatest  degree  of  cold  hitherto 
reached  ; it  is  highly  expansible  from  heat,  and  volatile  ; 
it  evaporates  quickly  under  exposure  to  the  air,  and  in 
close  vessels  boils  at  165°.  Its  vapour  transmitted  through 
an  ignited  tube  is  decomposed,  a large  quantity  of  oxy- 
carburetted  hydrogen  gas  with  carbonic  acid  are  formed; 
and  charcoal  is  deposited. 

Alkohol  is  highly  inflammable.  It  kindles  when  the 
temperature  is  not  much  above  300°,  when  in  contact 
with  atmospheric  air,  and  .burns  with  a blue  lambent  flame, 
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■without  any  sensible  smoke,  and,  when  pure,  without  any 
residuum,  affording  merely  water  and  carbonic  acid  gas  ; 
and  the  quantity  of  water  that  is  condensed,  exceeds  even 
the  weight  of  the  alkohol  consumed,  so  large  a portion  ot 
oxvgen  being  consumed  in  the  combustion.  Lavoisier 
from  this  experiment  inferred,  that  100  parts  of  alkohol 
consist  of  2S.5  of  carbon,  7.8  of  hydrogen,  and  68.5  of 
water, — a conclusion  liable  to  the  objection,  that  there  are 
no  grounds  for  determining  how  much  of  the  water  ob- 
tained in  the  combustion  exists  in  the  alkohol  in  its  en- 
tire state,  and  how  much  of  it  in  the  state  of  its  elements, 
forming  part  of  the  combination  itself.  The  experiment 
has  been  more  lately  repeated  by  T.  Saussure,  and  from 
the  results,  he  has  given  as  the  proportion  of  the  elements 
of  alkohol,  carbon  48.82,  hydrogen  15.82,  oxygen  41.86  ; 
a conclusion  still  liable  to  the  same  objection,  that  we  know 
not  how  much  of  this  oxygen  and  hydrogen  exist  as  the 
elements  of  alkohol,  or  how  much  oi  them  exist  in  it  in 
the  state  of  water.  From  the  results  of  its  analysis,  by 
passing  it  through  an  ignited  tube,  he  faithei  found  th.it 
a little  nitrogen  (3.5  parts  in  100)  is  contained  in  it ; and 
Thenard  had  before  found,  that  the  nitrogen  of  yeast  dis- 
appears in  fermentation,  and  had  inferred,  that  although  not 
easily  detected  in  the  alkohol,  it  enters  into  its  composition. 

Alkohol  combines  with  water  in  every  proportion  ; and 
although  the  properties  are  not  much  modified,  the  com- 
bination is  marked  by  the  specific  gravity  of  the  compound 
not  being  the  mean  of  the  specific  gravities  of  the  two 
fluids.  It  is  always  greater  from  the  condensation  that 
takes  place.  This  condensation  is  accompanied  with  a 
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diminution  in  the  capacity  for  caloric,  and  hence,  with  a 
rise  of  temperature.  Alkohol  diluted  with  an  equal  weight 
of  water,  forms  what  is  named  Proof  Spirit. 

In  consequence  of  its  affinity  to  water,  alkohol  precipi- 
tates many  of  the  neutral  salts  from  their  aqueous  solutions. 
There  are  others  which  it  does  not  precipitate,  and  which 
it  even  dissolves.  It  dissolves  potash  and  soda  in  their 
pure  form,  and  may  be  combined  by  distillation  with  am- 
monia. It  also  dissolves  strontites  and  barytes  in  sparing 
quantities. 

The  acids  (combine  with  alkohol,  and  some  of  them  de- 
compose it ; forming  a particular  order  of  compounds,  the 
Ethel's,  as  they  are  named,  to  be  immediately  considered. 

Alkohol  unites  with  sulphur,  when  the  sulphur  is  pre- 
sented to  it  in  the  state  of  vapour.  The  compound  is  a 
liquid  of  a reddish  colour  and  fetid  smell,  resembling  that 
of  sulphuretted  hydrogen  : it  becomes  turbid  on  cooling, 
and  sulphur  is  precipitated  from  it  by  the  addition  of  water. 
Phosphorus  is  dissolved  by  alkohol : the  solution  is  render- 
ed turbid,  and  the  phosphorus  precipitated  on  the  affusion 
of  water;  this  being  accompanied  with  a tremulous  light. 
It  does  not  dissolve  carbon,  nor  docs  it  combine  with  hy- 
drogen. 

Alkohol  is  the  solvent  of  a number  of  the  Vegetable  proxi- 
mate principles,  as  sugar,  resin,  extract,  camphor,  es- 
sential oil,  and  several  of  the  acids ; hence  it  extracts  the 
medicinal  powers  of  many  vegetables,  and  is  employed  in 
pharmacy,  either  in  its  pure  form  or  diluted,  to  form  tinc- 
tures. Solutions  of  resinous  substances  in  it  form  var- 
nishes. 
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The  action  of  the  more  powerful  acids  on  alkohol  pe- 
culiar, and  gives  rise  to  an  order  of  compounds,  important 
from  their  chemical  properties.  These  have  been  distin- 
guished by  the  generic  appellation  of  Ethers.  They  dii- 
ler  in  their  qualities  as  produced  by  the  different  acids ; 
but  they  also  agree  in  the  possession  of  certain  general  pro- 
perties ; they  are  highly  volatile,  odorous,  pungent,  and 
inflammable ; miscible  with  water,  and  capable  of  combin- 
ing with  alkohol  in  every  proportion.  Sulphuric  Ether, 
produced  by  the  action  of  sulphuric  acid  on  alkohol,  is  the 
one  which  has  been  longest  known  to  chemists. 

To  prepare  sulphuric  ether,  sulphuric  acid  is  poured  on 
an  equal  weight  of  alkohol  in  a retort ; and  after  they  are 
thoroughly  mixed  by  a gradual  agitation,  heat  is  applied 
by  the  medium  of  a sand-bath,  a large  receiver  being 
'adapted  to  the  retort,  carefully  luted,  and  kept  cool  by 
water.  Distillation  commences  when  the  temperature  is 
raised  to  208°,  and  a colourless  liquid  condenses  in  the  re- 
ceiver. When  the  quantity  of  it  amounts  to  about  hall 
the  quantity  of  alkohol  that  had  been  employed,  the  heat 
is  withdrawn.  The  residual  liquid  is  of  a dark  brown  or 
black  colour.  If  a fresh  portion  ol  alkohol,  not  more  than 
half  of  the  first  quantity,  be  added  to  it  when  it  is  cold,  an 
additional  portion  of  ether  will  be  procured  by  a new  dis- 
tillation. 

The  ether  condensed  in  the  receiver  by  this  process^  is 
weak  from  the  intermixture  of  water,  and  is  usually  also 
impure  from  the  presence  of  a portion  of  sulphurous  acid. 
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It  is  rectified  by  agitating  it  with  sul>carbonate  of  potash, 
or  muriate  of  lime,  and  distilling  it  a second  time  by  a very 
gentle  heat,  putting  into  the  retort  from  which  it  is  dis- 
tilled a small  quantity  of  black  oxide  of  manganese. 

T1  le  theory  of  the  formation  of  ether  is  still  involved  in 
some  obscurity.  Fourcroy  and  Vauquelin,  from  an  ex- 
perimental investigation  of  the  process,  inferred,  that  the 
sulphuric  acid  does  not  suffer  decomposition  *,  they  sup- 
posed,  therefore,  that  it  acts  merely  by  a resulting  affinity, 
causing  part  of  the  oxygen  and  hydrogen  of  the  alkohol 
to  combine  and  form  water;  ihc  balance  ol  affinities 
among  its  elements  being  thus  subverted,  a portion  of  its 
carbonaceous  matter  is  precipitated  and  diffused  through 
the  residual  liquid,  and  the  remaining  elements  entering 
into  new  combination  from  the  ether. 

The  principal  difficulty  is  to  explain  the  agency  of  the 
acid,  for  the  proof  is  not  clear  that  no  portion  of  it  is  de- 
composed ; and  the  fact,  that  of  the  other  acids,  those  form 
ethers  most  readily,  which  yield  oxygen  with  greatest  facili- 
ty, rather  favours  the  conclusion,  that  the  communication 
of  oxygen  from  the  acid  is  necessary  to  establish  the  series 
of  changes  whence  these  products  are  formed.  Still  the 
scries  of  changes  themselves,  which  occur  in  the  formation 
of  sulphuric  ether,  appear  to  be  sufficiently  ascertained. 
There  is  evidently  a formation  of  water,  as  the  residual  li- 
quor is  considerably  diluted,  and  this  appears  to  be  derived 
principally  from  the  combination  of  the  oxygen  and  hydro- 
gen of  the  alkohol ; there  is  also  a precipitation  of  a car- 
bonaceous matter  somewhat  bituminous,  which  must  equal- 
ly be  derived  from  the  alkohol ; its  remaining  element* 


VINOUS  FERMENTATION. 


417 


from  the  other  ; for  no  trace  of  the  acid  itself,  or  of  its 
ba  e,  can  be  discovered  in  its  composition.  Hence  sul- 
phuric ether  appears  to  differ  from  alkohol  principally  in 
the  predominance  of  hydrogel! ; and  to  this  its  greater 
levity  and  volatility  may  be  owing.  It  accordingly  affords 
only  water  and  carbonic  acid  in  its  combustion,  from 
the  quantities  ol  these  Oruickshank  inferred,  that  the 
proportion  of  carbon  to  hydrogen  is  as  > to  1,  while  in 
alkohol  he  supposed  it  to  be  as  8 or  9 to  1.  Saussure  lias 
more  lately  stated  the  composition  ol  sulphuric  ether  at 
59  of  carbon,  19  of  oxygen,  and  22  of  hydrogen. 

There  are  some  other  products  disengaged  in  the  pro- 
cess by  which  sulphuric  ether  is  formed.  Towards  the 
end  of  the  distillation,  an  oily-like  fluid  condenses,  which 
the  chemists  have  named  Oil  of  Wine,  and  which  some 
have  supposed  to  be  a compound  of  ether  and  sulphurous 
acid,  while  others  have  regarded  it  as  of  a composition 
analogous  to  ether,  but  -containing  a larger  propoit  on  of 
carbon.  There  is  also  disengaged  at  this  stage  of  the  re- 
cess a considerable  quantity  of  olefiant  gas. 

Sulphuric  ether  is  a fluid  extremely  light ; its  specific 
gravity,  when  it  is  highly  rectified,  being  so  low  as  .7 16. 
It  is  colourless  anti  transparent,  has  a pungent  taste,  and 
a penetrating,  rather  fragrant  odour.  It  is  highly  volatile, 
evaporating  rapidly  at  natural  temperatures.  It  boils  un- 
der the  usual  atmospheric  pressure  at  98°,  and,  in  vacua, 
boils  at  a temperature  even  below  82  . In  its  spontaneous 
evaporation,  it  absorbs  a considerable  quantity  of  caloric, 
so  as  to  produce  much  cold.  It  congeals  at  — 47  '.  It  is  in- 
flammable, burns  with  a clear  white  flame,  and  without 
Vol.  II.  D A 
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smoke,  producing  by  its  combustion  water  and  carbonic 
acid.  Its  vapour,  diffused  in  atmospheric  air  or  oxygen 
gas,  explodes  when  kindled. 

Sulphuric  ether  is  soluble  in  water,  requiring  about  10 
parts  for  its  solution.  It  dissolves  in  alkohol  in  every  pro- 
portion. On  the  fixed  alkalis  or  earths  it  exerts  no  action  ; 
with  ammonia  it  combines  by  distillation.  It  dissolves 
sulphur  and  phosphorus  in  small  proportions  ; and  it  re- 
sembles  alkohol  in  the  solvent  operation  it  exerts  on  a 
number  of  the  vegetable  proximate  principles. 

% I 

Nitric  Ether  is  formed  by  the  action  of  nitric  acid  on 
alkohol ; but,  - from  the  violence  of  this  action,  the  process 

i ' 

is  difficult,  and  requires  to  be  conducted  with  much  cau- 
tion. Various  methods  have  been  employed ; that  of 
W oolfe  is  generally  preferred.  It  consists  in  adding  to  four 
parts  of  nitre  in  coarse  powder  in  a retort,  by  successive 
small  portions,  a mixture  of  four  parts  of  sulphuric  acid, 
and  rather  more  than  three  parts  of  alkohol,  connecting 
the  retort  with  a range  of  receivers,  kept  cool ; nitric  ether 
is  formed  and  volatilized  without  the  application  of  heat, 
and  is  condensed  by  passing  the  gaseous  product  through 
water,  or  through  a solution  of  muriate  of  soda  in  the  re- 
ceivers. It  floats  above  the  liquor,  and  is  purified  from  any 
free  acid  by  agitation  with  lime,  and  a second  distillation 
with  a gentle  heat. 

The  theory  of  the  formation  of  nitric  ether  is  still  more 
obscure  than  that  of  sulphuric  ether.  It  is  sufficiently  as- 
certained, however,  by  the  experiments  of  Pelletier  and 
Bayen,  that  the  acid  is  decomposed  ; the  alkohol  likewise 
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suffers  decomposition,  portions  of  oxalic  and  acetic  acid  with 
water  are  formed,  but  there  is  no  deposition  of  carbonaceous 
matter,  as  there  is  in  the  formation  of  sulphuric  ether.  A 
considerable  quantity  of  elastic  fluid  too  is  disengaged, 
which,  according  to  the  researches  of  Thenard,  consists 
of  nitrogen,  carbonic  acid,  and  nitrous  oxide,  holding  a 
portion  of  nitric  ether  dissolved.  This  chemist  has  farther 
found,  that  after  the  free  acid  of  the  nitric  ether  at  its  first 
distillation  is  abstracted  by  lime,  acidity  is  regained,  when 
it  is  kept  for  some  time  either  with  or  without  the  access 
of  air  ; and  this  arises  from  the  production  of  nitric  and 
acetic  acids,  the  elements  of  which  must  therefore  exist  in 
the  composition  of  nitric  ether.  He  hence  concludes,  that 
in  the  foi’mation  of  this  ether,  a portion  of  the  oxygen  of 
the  acid  combines  with  much  of  the  hydrogen,  and  part  of 
the  carbon  of  the  alkohol  forming  water  and  carbonic  acid ; 
nitric  oxide,  nitrous  oxide,  and  nitrogen,  being  disen- 
gaged *,  the  elements  of  the  remaining  acid,  he  supposes, 
enter  into  combination  with  the  remaining  elements  of  the 
nlkohol,  and  form  ether.  From  the  products  of  its  ana- 
lysis when  it  is  decomposed  by  heat,  he  infers,  that  100 
parts  of  nitric  ether  arc  composed  of  14.49  of  nitrogen, 
23.65  of  carbon,  48.52  of  oxygen,  and  8.54  of  hydrogen. 

Nitric  Ether  has  an  odour  strong,  but  less  fragrant  than 
that  of  sulphuric  ether  \ it  is  light,  volatile,  and  inflam- 
mable. When  highly  rectified,  its  levity  is  such  that  it 
floats  on  water  ; and  its  volatility  is  so  great  that  it  instant- 
lv  evaporates  when  poured  from  a bottle,  and  it  boils  at 
'08  under  the  usual  atmospheric  pressure  j it  requires  50 
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parts  of  water  for  its  solution,  but  combines  with  alkohol 
in  every  proportion. 

When  a smaller  portion  of  nitric  acid  is  added  to  alko- 
hol than  is  sufficient  to  convert  it  entirely  into  ether,  a 
product  is  obtained  on  distillation,  having  a fragrant  odour, 
and  somewhat  acidulous,  which  has  been  named  Spirit  of 
Nitrous  Ether,  and  has  been  regarded  as  nitric  ether  large- 
ly diluted  with  alkohol. 

Muriatic  Ether. — The  action  of  muriatic  acid,  in  its 
common  state  on  alkohol  is  so  inconsiderable,  that  no  pro- 
duct which  can  be  regarded  as  a muriatic  ether  can  be  ob- 
tained from  it.  By  the  action  of  oxy-muriatic  acid  on  al- 
kohol, a liquid  is  obtained  which  has  been  regarded  as 
etherial,  but  is  rather  of  an  oily  nature.  It  appears,  how- 
ever, that  when  the  acid  is  brought  to  act  on  the  cl  her  in 
a very  concentrated  state,  a proper  ether  is  formed  ; it  is 
thus  procured  by  distilling  alkohol  from  concentrated  mu- 
riate of  tin,  or  by  transmitting  muriatic  acid  gas  through 
alkohol,  and  afterwards  distilling  the  impregnated  liquor. 
Much  of  the  success  of  the  operation,  Thenard  finds,  de- 
pends on  the  due  regulation  of  the  heat ; and  the  process 
he  has  given  consists  in  mingling  equal  parts  by  measure 
of  alkohol  and  concentrated  muriatic  acid  in  a retort,  ex- 
posing the  retort,  supported  on  a grate  of  iron,  to  the  di- 
rect lire  of  a common  furnace,  there  being  connected  with 
the  retort  a large  bottle  half-filled  with  water,  with  a tube 
of  safety  inserted,  and  to  which  a bent  tube  is  adapted, 
terminating  under  an  inverted  phial  filled  with  water:  when 
the  liquor  is  brought  to  boil  the  muriatic  ether  is  disen- 
gaged in  the  gaseous  form,  and  is  collected  in  the  phial. 
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. In  this  state  it  is  colourless,  lias  a strong  etherial  smell, 
and  a saccharine  taste.  At  a temperature  below  50°,  it  con- 
denses into  a liquid,  which  retains  the  same  taste  and  o- 
dour,  and  is  limpid.  Its  specific  gravity  is  to  that  of  wa- 
ter, at  the  temperature  of  39°,  as  874  to  1000.  It  evapo- 
rates rapidly,  producing  much  cold.  Cooled  to  — 22*-’,  it 
does  not  congeal. 

This  product  has  no  sensible  acidity  j but,  what  is  sin- 
gular, when  it  is  kindled,  muriatic  acid  gas  is  inime- 
diatclv  produced  in  large  quantity;  and  this  acid  is  also 
slowly  evolved  in  it  when  it  is  kept  for  some  time,  as  it  is 
.too  by  the  action  of  sulphuric  or  nitric  acid  at  a high  tem- 
perature. From  the  products  of  its  combustion,  Thenard 
infers,  that  100  parts  contain  51.89  of  carbon,  33.03  of 
. -oxvgcn,  and  15.68  ot  hydrogen,  will}  which  are  combined 
41.72  of  muriatic  acid.  Whether  this  acid  exists  in  the 
combination  fully  formed,  or  only  in  the  state  of  its  ele- 
ments, is  not  determined ; the  latter  perhaps  is  more  pro- 
bable ; as  if  it  existed  in  the  former  state,  the  force  of  affini- 
ty by  which  it  is  retained  can  scarcely  be  supposed  so  ener- 
getic, but  that  it  should  be  detected  by  the  action  of  some 
of  the  re-agents  which  are  tests  of  this  acid. 

• Phosphoric  Etheii  has  been  supposed  to  be  formed 
by  exposing  to  heat  a mixture  of  alkohol,  and  concentrat- 
ed liquid  phosphoric  acid.  A portion  ot  unchanged  alko- 
hol first, passes  over,  but  after  this  a liquid  condenses,  which 
has  an  etherial  smell,  somewhat  fetid,  and  is  slightly  aci- 
dulous. On  removing  this  by  the  action  of  lime  or  mag>- 
ncsia,  and  distilling  it  a second  time,  it  assumes  an  odour 
more  grateful,  similar  to  sulphuric  ether,  has  nearly  the 
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same  specific  gravity,  is  soluble  in  water  in  limited  quan- 
tity, and  is  highly  volatile  and  inflammable,  burning  with- 
out any  smoke.  The  theory  of  its  formation  has  not  been 
determined. 

Fluoric  Ether  has  been  said  to  be  obtained  in  decom- 
posing fluor  spar  by  sulphuric  acid  mixed  with  alkohol, 
applying  heat  so  as  to  produce  distillation.  On  distilling 
the  product  a second  time  from  potash,  an  etherial  liquid 
is  obtained,  resembling  sulphuric  ether,  and  which  may 
perhaps  have  been  formed  by  the  action  of  the  sulphuric 
rather  than  of  the  fluoric  acid. 

Acetic  Ether  is  obtained  by  distilling  repeatedly  alko- 
hol from  concentrated  acetic  acid  ; it  gradually  acquires 
an  etherial  odour,  and  after  the  third  distillation  and  rec- 
tification by  an  acid,  it  forms  a proper  ether.  A similar 
product  is  obtained  by  distilling  the  acid  with  alkohol  and 
a portion  of  sulphuric  acid.  Thenard  found,  that  in  the 
first  process,  if  the  distillation  be  repeated  ten  or  twelve 
times,  the  acetic  acid  is  almost  entirely  decomposed,  and  the 
alkohol  is  all  con  verted,  in  to  ether.  In  this  conversion  he 
supposes  that  the  elements  of  the  acid  combine  merely  with 
those  of  the  alkohol.  The  odour  of  acetic  ether  is  grate- 
ful ; its  taste  is  peculiar  ; its  specific  gravity  is  866  ; it  eva- 
porates on  exposure  to  the  air,  and  boils  at  123°.  It  is 
soluble  in  water,  requiring  scarcely  eight  parts  for  its  so- 
lution ; if  to  this  solution  an  alkali  is  added,  the  odour  and 
taste  of  the  ether  disappear,  the  alkali  is  saturated,  and 
diluted  alkohol  is  obtained  by  distillation.  In  burning,  too, 
acetic  acid  is  deposited,  though  the  ether  itself  is  free  from 
all  sensible  acidity. 
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Sect.  II. — Of  the  Acetous  Fermentation . 

When  the  vinous  fermentation  is  completed,  if  the  li- 
quor be  kept  under  the  same  circumstances,  with  the  ad- 
mission of  the  atmospheric  air,  it  begins  to  suffer  another 
change.  It  loses  its  A’inous  fragrance  and  pungency,  and 
becomes  sour.  When  this  is  completed,  an  acid  liquor  is 
formed,  Vinegar,  the  acid  of  which  in  its  pure  form  is  in 
chemical  nomenclature  denominated  the  Acetous,  and  the 
process  by  which  it  is  formed,  is  named  the  Acetous  Fer- 
mentation. 

Every  substance  susceptible  of  the  vinous,  is  susceptible 
also  of  the  acetous  fermentation,  and  this  even  without 
having  previously  become  perfectly  vinous  •,  and  there  are 
substances  incapable  of  the  former,  which  undergo  the 
latter,  as  vegetable  infusions,  or  juices  containing  much  mu- 
cilage with  a little  saccharine  matter.  Alkohol  by  itself  is 
incapable  of  this  change,  and  even  to  a certain  extent  coun- 
teracts it ; hence  strong  vinous  liquors  do  not  so  readily 
become  sour  as  those  that  are  weak. 

The  action  of  a ferment  appears  to  be  necessary  to  ex- 
cite the  acetous  fermentation,  and  of  this,  vegetable  gluten 
appears  to  be  the  base.  Ihc  admission  of  the  atmosphe- 
ric air  is  indispensable  ; and  its  oxygen  is  absorbed,  and 
appears  to  combine  merely  with  carbon  from  the  ferment- 
ing liquor,  so  as  to  form  an  equivalent  portion  of  carbonic 
acid.  Lastly,  a due  degree  of  temperature  is  required, 
the  fermentation  taking  place  slowly  when  the  tempera?* 
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ture  is  below  60°,  and  being  accelerated  when  it  is  raised 
to  70°.  When  it  is  rapid,  there  is  an  intestine  motion  in 
the  liquor,  as  there  is  in  the  vinous  fermentation ; it  is  tur- 
bid, its  temperature  rises,  and  there  is  a disengagement  of 
elastic  fluid.  When  it  is  complete,  these  appearances  sub- 
side. and  the  liquor,  depositing  a considerable  sediment,  be- 
comes clear. 

There  is  still  some  obscurity  with  regard  to  the  theory 
of  the  acetous  fermentation.  The  strength  of  the  acetous 
liquor  which  is  formed  being  proportional  to  its  previous 
vinous  strength,  and  the  vinous  property  being  complete- 
ly changed  into  acidity,  while  there  is  at  the  same  time 
an  absorption  of  oxygen,  it  was  concluded  that  the  change 
consists  in  the  oxygenation  of  the  alkohol  of  the  vinous  li- 
quor. or  as  carbonic  acid  is  at  the  same  time  disengaged,  in 
the  abstraction  of  carbon.  But  as  alkohol  alone  does  not 
sulfer  this  change,  and  as  the  presence  of  mucilage,  sugar, 
or  other  vegetable  matter,  is  necessary,  the  theory  is  not 
complete ; neither  does  it  explain  the  operation  of  the  fer- 
ment necessary  to  the  process.  Nitrogen  appears  to  enter 
into  the  composition  of  vinegar,  which  the  ferment  pro- 
bably affords. 

Vinegar  is  of  different  degrees  of  purity  and  strength, 
according  to  the  materials  from  which  it  is  prepared  ; that 
from  wine  is  purest  and  strongest ; prepared  from  unrefin- 
ed simar,  or  from  infusions  of  unmalted  grain,  it  contains 
a portion  of  vegetable  matter,  which  renders  it  liable  to 
spontaneous  decomposition.  Along  with  the  acid  which 
is  its  base,  vinegar  always  contains  a portion  of  extractive 
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matter,  which  gives  it  colour,  and  frequently  also  portions 
of  malic  and  tartaric  acids. 

To  obtain  the  pure  acid,  the  easiest  method  is  by  dis- 
tillation. It  passes  over  with  a portion  of  water,  and  is  thus 
freed  from  the  vegetable  matter,  and  from  the  other  acids, 
care  being  taken  not  to  continue  the  distillation  too  long, 
nor  to  raise  the  heat  too  high  as  the  vinegar  is  liable  to  ac- 
quire an  empyreumatie  odour.  Distilled  vinegar,  though 
pure,  is  however  extremely  weak,  and  hence  other  pro- 
cesses are  employed  to  obtain  it  in  a concentrated  state. 

Its  concentration  can  be  effected  by  freezing,  the  water 
congealing,  and  the  acid  remaining  uncongealed  ; and  by 
repeating  the  operation  with  greater  degrees  of  cold,  a 
very  strong  anti  pure  acid  can  be  obtained.  Another  me- 
thod is  to  expel  the  acid  from  its  saiinc  compounds.  1 hus, 
if  acetate  of  potash  or  of  soda,  rendered  as  dry  as  pos- 
sible, be  exposed  to  heat  with  concentrated  sulphuric  acid, 
or  with  super-sulphate  of  potash,  the  sulphuric  acid  com- 
bines with  the  base  of  the  salt,  and  the  acetic  acid  is  dis- 
engaged. It  is  also  obtained  from  applying  heat  to  a mix- 
ture of  acetate  of  lead,  and  dried  sulphate  of  copper  or 
iron.  Or  if  verdegris,  which  is  a compound  of  this  acid 
with  oxide  of  copper,  be  exposed  to  a heat  gradually  raised, 
the  acid  is  volatilized,  and  is  obtained  in  a very  concen- 
trated state. 

It  had  been  remarked  that  the  acid  obtained  by  this 
last  process  is  more  volatile  and  pungent  than  that  ob- 
tained by  the  other  methods,  and  displays  also  sonic  dif- 
ferences in  its  combinations.  It  was  hence  concluded, 
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that  it  is  different  in  composition,  either  containing  a 
larger  proportion  of  oxygen,  which  it  receives  from  the 
metallic  oxide  in  its  preparation,  or  a smaller  quantity  of 
carbon,  from  a portion  of  this  element  being  abstracted 
by  the  affinity  exerted  towards  it  by  the  metal.  Hence 
the  distinctive  names  were  introduced,  of  Acetic  and 
Acetous  Acids,  the  former  being  applied  to  the  acid  pro- 
cured from  verdegris  by  heat,,  the  latter  to  the  acid  exist- 
ing in  vinegar,  and  obtained  from  it  in  a state  of  concentra- 
tion.  The  experiments  of  Adet,  and  more  lately  of  Tlie- 
nard,  have  shewn,  however,  that  there  are  no  grounds  for 
this  distinction  ; the  acids  obtained  by  these  different  pro- 
cesses, when  brought  to  the  same  degree  of  purity  and 
strength,  having  the  same  properties,  and  exerting  the 
same  chemical  actions.  There  is,  therefore,  only  one  acid, 
and  to  this  the  name  of  Acetic  is  properly  applied. 

Acetic  acid,  highly  concentrated,  has  an  odour  fragrant 
and  penetrating ; it  is  caustic,  and,  even  when  largely  dilu- 
ted, has  a sour  taste.  It  is  capable  of  congealing,  when  ex- 
posed to  intense  cold.  It  is  very  volatile,  its  odour  being 
quickly  diffused  when  it  is  exposed  to  the  atmosphere,  and 
by  a moderate  heat  it  rises  entirely  in  vapour  : This  va- 
pour kindles  on  the  approach  of  a burning  body. 

Acetic  acid  combines  with  the  alkalis  and  earths,  form- 
ing salts,  which  are  named  Acetates.  They  are  in  ge- 
neral soluble  in  water,  and,  from  their  affinity  to  it,  are 
not  easily  crystallized.  It  combines,  too,  with  the  me- 
tallic oxides.  The  greater  number  of  these  combinations 
present  nothing  interesting,  and  it  will  be  sufficient,  theic- 
forc,  to  take  notice  only  ot  the  more  important  compounds. 
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Acetate  op  Potash,  formed  by  saturating  distilled 
vinegar  with  potash,  is  obtained  by  evaporation  of  its  so- 
lution, in  the  state  of  a white  foliated  mass ; or  if  the 
evaporation  is  carried  to  a less  extent,  small  prismatic 
crystals  form  slowly.  This  salt  is  extremely  deliquescent, 
is  soluble  in  little  more  than  its  weight  of  water,  at  60°, 
and  is  also  soluble  in  alkohol.  Acetate  of  Soda  is  ob- 
tained by  evaporation,  in  slender  prismatic  crystals,  which 
are  deliquescent,  and  are  soluble  in  less  than  three  parts 
of  water,  at  60°.  Acetate  of  Ammonia  can  scarcely  be 
crystallized,  as,  when  its  solution  is  submitted  to  evapora- 
tion, it  is  partly  volatilized,  partly  decomposed : by  eva- 
poration, however,  with  a very  gentle  heat,  it  may  be  ob- 
tained in  acicular  prisms. 

The  Earthy  Acetates  are  all  soluble,  and,  by  evapora- 
tion, afford  either  a gelatinous  viscid  mass,  or  acicular 
crystals. 

The  Metallic  Acetates  are  likewise,  in  general,  soluble 
and  crystallizable ; those  applied  to  any  use,  are  the  ace- 
tates of  quicksilver,  copper,  and  lead. 

Acetate  of  Quicksilver  is  prepared  by  decomposing  a 
solution  of  nitrate  of  quicksilver  by  adding  a solution  of 
acetate  of  potash  ; the  acetic  acid  combines  with  the  oxide 
of  quicksilver,  and  when  the  solution  has  contained  the 
metal  at  a low  degree  of  oxidation,  the  acetate  is  copiously 
deposited  in  scales  of  a white  colour,  and  brilliant  silvery 
lustre.  This  salt  has  been  used  as  a mild  mercurial  pre- 
paration. 

Copper  forms  different  combinations  with  acetic  acid. 
The  verdegris  of  commerce  is  a sub-acetate,  prepared  by 
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stratifying  copper  plates  with  the  husks  of  the  grape,  after 
the  expression  of  the  juice,  and  moistening  them  occasion- 
ally with  weak  vinegar.  The  copper  is  oxidated,  and  the 
oxide  retains  a portion  of  the  acid  combined  with  it  ■,  this 
forms  a crust  on  the  surface  of  the  metal ; it  is  scraped  off 
and  dried,  and  is  of  a light  green  colour.  When  it  is 
dissolved  in  distilled  vinegar,  the  excess  of  oxide  is  dis- 
solved by  the  acid,  and  by  evaporation  of  the  solution, 
the  neutral  acetate  is  procured,  crystallized  in  aggregated 
prisms,  of  a much  deeper  green  colour  •,  it  is  soluble  in 
water  and  in  alkohol,  while  the  other  is  only  partially  dis- 
solved. Both  the  acetate  and  sub-acetate  are  used  as  pig- 
ments, and  also  in  the  processes  of  dyeing,  and  in  medicine, 
as  escharotics. 

Acetic  acid  forms,  also,  different  combinations  with 
lead.  Cerusse,  or  white  lead,  which,  triturated  with  oil, 
forms  the  common  basis  of  paint,  is  prepared  by  exposing 
plates  of  lead  to  the  vapours  of  vinegar ; the  lead  is  oxi- 
dated, and  this  oxide  retaining  probably  a portion  of 
acid  combined  with  it  , forms  a crust  on  the  surface.  When 
this  is  digested  in  distilled  vinegar,  it  is  dissolved,  and  by 
evaporation  of  the  solution,  a mass  is  obtained,  composed 
of  a congeries  of  slender  prisms,  which,  from  its  sweet 
taste,  has  been  named  Sugar  ol"  Lead  ; and  which  is  used 
in  medicine,  and  in  several  ol  the  arts.  1 his  salt  was  re- 
garded as  acetate  of  lead,  but  it  appears  to  be  a super-ace- 
tate, or  to  contain  always  a slight  excess  of  acid,  which  is 
necessary  to  its  crystallization.  Its  crystals  are  acicuiar 
prisms,  semi-transparent,  of  a white  or  yellowish  colour, 
■with  a silky  lustre ; it  is  slightly  efflorescent,  is  easily  so- 
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hible  in  water,  but  appears  to  be  partially  decomposed, 
from  the  affinity  of  the  water  to  the  acid  aided  ,by  its 
quantity.  The  neutral  acetate  is  what  has  been  known  by 
the  name  of  Goulard’s  Extract,  prepared  by  boiling  vine- 
gar on  litharge ; it  docs  not  crystallize  readily,  and  its 
crystals  are  plates  ; in  its  chemical  relations,  particular' 
ly  to  some  of  the  vegetable  and  animal  proximate  prin- 
ciples, it  differs  considerably  from  the  super-acetate. 

Acetic  acid  acts  on  several  of  the  vegetable  products. 
It  dissolves  camphor,  volatile  oils,  resins,  and  gum-resins, 
without  materially  modifying  their  properties. 

The  composition  of  acetic  acid  is  not  altogether  deter- 
mined. It  obviously  is  composed,  principally,  ot  carbon, 
hydrogen,  and  oxygen,  but  the  proportions  are  not  as- 
certained ; and  from  its  affording  ammonia,  when  decom- 
posed by  beat,  it  appears  to  contain  nitrogen. 


Sect.  III. — Of  the  Putrefactive  Fermentation. 

The  process  of  putrefaction,  in  animal  matter,  consists 
in  the  formation,  from  new  combinations  of  its  elements,  of 
products  offensive  in  their  odour,  which  escape  in  the  aerial 
form.  Few  vegetable  substances  can  be  said  to  be  liable  to 
it,  yet  they  undergo  a species  of  decomposition  somewhat 
analogous,  in  which  a similar  evolution  of  gaseous  products 
takes  place,  so  that  only  the  saline  and  earthy  matter  of 
the  vegetable  substance  at  length  remains.  To  this  the 
name  of  the  putrefactive  fermentation  has  been  given. 
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Those  vegetable  products  which  are  either  soluble  in 
water,  or  imbibe  it,  are  those  more  peculiarly  liable  to  this 
series  of  changes;  and  the  same  circumstances  favour  it 
which  favour  the  other  kinds  of  spontaneous  decomposition, 
particularly  a moderately  high  temperature,  and  the  ac- 
cess of  the  air.  The  elastic  products  disengaged,  are  com- 
pounds of  carbon  and  hydrogen,  and  carbonic  acid  ; the 
former,  according  to  the  researches  of  Saussure,  appearing 
principally  when  the  action  of  the  atmospheric  air  is  ex- 
cluded by  the  substance  being  immersed  under  water  ; the 
latter  when  the  air  is  admitted,  the  oxygen  of  the  air  com- 
bining with  the  carbon  of  the  vegetable  substance,  to  form 
the  carbonic  acid,  and  with  its  hydrogen  forming  water. 
There  is  no  sensible  production  of  ammonia  or  of  gases 
containing  sulphur  and  phosphorus,  the  evolution  of  which 
more  particularly  characterises  animal  putrefaction,  a 
difference  arising  from  the  absence  of  these  elements,  and 
of  nitrogen,  in  the  composition  of  vegetable  matter.  Those 
few  vegetable  products,  however,  which  contain  them,  pre- 
sent results  in  their  ultimate  decomposition  similar  to  those 
of  animal  substances. 

Carbon  being  in  general  the  basis  of  vegetable  matter, 
it  frequently  remains,  forming  a kind  of  inert  residuum  af- 
ter the  decomposition  has  proceeded  to  a certain  extent, 
constituting  what  is  named  Vegetable  Mould.  This,  when 
the  air  is  excluded,  is  scarcely  liable  to  any  farther  change, 
there  being  no  other  principles  to  re-act  on  it  with  suf- 
ficient force.  If  the  air  is  admitted,  however,  its  oxygen 
acts  on  its  carbonaceous  base,  and  forms  carbonic  acid ; this 
attraction  of  carbon  allows  part  of  the  oxygen  and  hydro- 
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gen  of  the  mould  to  combine  and  form  water,  and  by  these 
progressive  changes,  the  decomposition  is  at , length  ren- 
dered complete,  and  nothing  remains  but  the  saline,  earthy, 
and  metallic  substances,  originally  contained  in  the  vege- 
table matter. 

It  appears,  however,  that  from  the  operation  of  circum- 
stances, probably  principally  the  exclusion  of  the  atmos- 
phere, and  the  presence  of  pressure,  the  decomposition 
does  not  proceed  beyond  the  accumulation  of  this  carbo- 
naceous residuum  ; the  former  circumstance  removing  the 
agency  of  oxygen,  the  latter  preventing  the  formation 
of  elastic  products  ; and  from  the  process  conducted  under 
these  circumstances,  and  on  vegetable  matter  originally 
composed  principally  of  carbon,  as  wood,  have  probably 
principally  originated  the  different  varieties  of  bitumens 
and  coal,  the  origin  of  which  from  the  vegetable  kingdom, 
it  has  already  been  stated,  can  be  clearly  traced. 


BOOK  IX. 


of  animal  Compounds. 


The  chemical  history  of  animal  substances  may,  like 
that  of  the  vegetable  products,  be  considered  under  three 
divisions  ; — the  first  comprising  what  relates  to  their  lor- 
mation  ; the  second  including  the  details  of  their  individual 
chemical  qualities  ; and  the  third  embracing  the  few  ge- 
neral lacts  connected  with  the  compositions  to  which  they 
are  liable  from  the  re-action  of  the  constituent  principles, 
cither  at  high  or  at  low  temperatures. 


CIIAP.  I. 

OF  THE  FORMATION  OF  ANIMAL  SUBSTANCES. 

Animal  substances  arc  distinguished  by  nearly  the  same 
general  chemical  characters  as  vegetable  products.  They 
are  formed  of  a few  ultimate  principles,  the  diversities  in 
their  properties  arising  chiefly  from  the  proportions  and  the 
modes  in  which  these  arc  combined,  l'rom  this  peculia- 
rity of  constitution,  they  have  the  same  susceptibility  ot  do- 
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composition  as  vegetable  substances  have,  the  balance  of 
affinities  among  their  elements  being  altered  by  slight  va- 
riations of  circumstances,  and  new  combinations  established. 

> 

Hence,  too,  their  analysis  is  always  of  the  complicated  kind, 
their  principles  not  being  disengaged  insulated,  but  in  new 
states  of  chemical  union. 

With  regard  to  the  distinction  between  the  vegetable 
and  animal  compounds,  the  latter  are  more  liable  to  de- 
composition from  the  re-action  of  their  elements.  The 
kind  of  spontaneous  decomposition,  too,  which  they  suffer 
is  different.  The}'  are  scarcely  susceptible  of  the  vinous 
fermentation  ; they  seldom  even  pass  into  the  acetous,  but 
undergo  putrefaction,  a process  in  which  the  principal  pro- 
ducts are  ammonia,  and  certain  compound  elastic  fluids 
having  an  offensive  odour,  by  the  formation  and  evolution 
of  which  the  whole  nearly  of  the  original  matter  is  dissi- 
pated. In  their  decomposition  by  heat,  ammonia  too  is  a 
principal  product ; prussic  acid  is  usually  formed,  elastic 
fluids  are  disengaged,  somewhat  similar  in  chemical  com- 
position to  thse  evolved  in  putrefaction,  and  the  residual 
charcoal  affords  phosphoric  salts. 

These  differences  arise  from  the  peculiarities  in  the  com- 
position of  animal  matter.  Being  more  complicated  than 
that  of  vegetable  matter,  or  derived  from  the  union  of  a 
greater  number  of  elements,  the  affinities  these  reciprocally 
exert  are  more  nicely  adjusted  •,  hence  they  are  more  ea- 
sily subverted.  They  not  only  contain  carbon,  hydrogen, 
and  oxygen,  the  usual  constituent  principles  ol  vegetable 
matter,  but  likewise  nitrogen,  in  considerable  quantity, 
and  sulphur  and  phosphorus  in  smaller  proportions.  From 
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the  nitrogen  existing  in  animal  substances,  is  derived  the 
abundant  formation  of  ammonia  which  attends  their  de- 
composition, the  nitrogen  forming  it  by  combining  with 
hydrogen  ; and  its  predominance  in  their  composition  is 
very  well  shewn  by  its  evolution  when  they  aie  acted  on  by 
nitric  acid.  The  presence  of  sulphur  and  phosphorus  is 
discovered,  by  their  being  contained  in  the  elastic  fluids 
disengaged  during  the  putrefaction,  or  decomposition  by 
heat  of  animal  matter;  and  it  is  the  predominance  of  these 
principles  which  appears  more  peculiarly  to  give  rise  to 
the  characters  which  distinguish  putrefaction : the  acids 
formed  by  their  oxygenation  are  also  found  in  the  1 esidual 
charcoal,  combined  usually  with  soda  and  lime.  Carbon, 
it  may  be  added,  is  contained  in  animal  substances,  in  a 
proportion  inferior  to  that  in  which  it  enters  into  the  com- 
position of  vegetable  products,  and  hence  they  give  less 
carbonic  oxide  and  carbonic  acid  in  their  decomposi- 
tion ; they  afford,  too,  less  empyreumatic  acid,  a proof 
that  oxygen  exists  in  them  in  inferior  proportion ; on  the 
contrary,  hydrogen  appears  to  be  predominant,  from  the 
large  quantity  of  empyreumatic  oil  which  they  usually  af- 
ford. 

The  animal  products  are  ultimately  derived  from  changes 
produced  in  the  composition  of  vegetable  matter,  all  ani- 
mals living  directly,  or  indirectly,  on  vegetable  food  ; and 
even  the  present  imperfect  state  of  chemistry  enables  us 
to  trace,  in  part,  their  formation,— the  conveyance  of  then- 
elements,  and  the  processes  by  which  these  are  brought 
into  the  combinations,  whence  the  varieties  of  animal  mat 
ter  are  formed.  Vegetable  matter  is  composed  chiefly  of 
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carbon,  hydrogen,  and  oxygen ; and  can,  therefore,  fur- 
nish the  whole  of  these  elements  which  are  required  tor 
the  purposes  of  animal  nutrition  and  growth.  From  the 
same  source,  or  from  the  water  with  which  the  animal  is 
supplied,  may  be  derived  the  lime  and  iron,  which  are 
contained  in  small  quantity  in  the  animal  products;  at  least 
the  only  supposed  difficulty,  with  regard  to  these,  is  in 
the  case  of  those  animals  by  whom  a large  quantity  of 
lime  is  secreted  in  the  formation  of  their  shells.  There  is 
a greater  difficulty  with  regard  to  the  source  ot  the  nitrogen, 
which  is  so  abundant  in  animal  matter  ; for  although  it  is 
contained  in  some  vegetable  substances,  it  is  not  a com- 
mon principle,  and  is  usually  in  small  proportion  ; and  it 
does  not  appear  that  any  portion  of  it  is  conveyed,  as  was 
once  supposed,  into  the  mass  of  blood,  by  respiration, 
from  the  atmospheric  air.  The  present  uncertainty,  how- 
ever, with  regard  to  the  nature  of  this  substance,  pre- 
cludes nearly  all  satisfactory  speculation  on  this  subject. 
Phosphorus  is  another  principle,  the  origin  of  which  is 
not  very  obvious  ; it  is  always  contained  in  animal  sub- 
stances, and  even  a considerable  portion  of  it,  in  the  state 
of  phosphoric  acid,  is  discharged  as  excrementitious ; yet 
it  is  rarely  found  in  veg^teble  matter.  Still  it  has  been 
shewn,  that  in  those  vegetables  which  are  most  nutritious, 
as  in  wheat,  phosphorus  is  a constituent  principle,  the 
ashes  of  a pound  of  wheat-flour  yielding  84  grains  of 
phosphate  of  lime ; and  it  is  only  in  those  animals  who 
feed,  in  part  at  least,  on  animal  matter,  that  the  urine 
holds  phosphoric  salts  dissolved.  These  facts  lend  probabili- 
ty to  the  supposition,  that  it  is  conveyed  by  vegetable  food. 
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It  is  also  sufficiently  certain,  that  the  vegetable  analysis  is 
not  yet  arrived  at  that  state  of  perfection,  that  we  can  be 
certain  that  small  portions  of  these  principles  may  not  exist 
in  the  composition  even  of  every  variety  of  vegetable  mat- 
ter ; and  that  thus  slowly  introduced,  they  may  accumu- 
late in  the  animal  system.  And,  with  regard  to  the  whole 
of  this  subject,  it  must  farther  be  admitted,  that  the  state 
of  chemistry  does  not  allow  us  to  decide  what  substances 
are  truly  simple ; and  all  those,  with  regard  to  which 
these  difficulties  have  been  supposed  to  exist,  may  either 
be  compounds,  or,  if  simple,  it  is  equally  possible,  maj 
exist  in  the  composition  of  others,  which  our  imperfect 
knowledge  ranks  as  elementary. 

The  principles  conveyed  by  the  food,  from  which  it  is 
sufficiently  evident,  whatever  difficulty  we  may  have  in 
tracing  them  minutely,  animal  nutrition  is  ultimately  de- 
rived, are  brought  into  those  combinations  productive  of 
the  several  varieties  of  animal  matter,  by  the  united  pro- 
cesses of  digestion,  respiration,  and  secretion  •,  and  the 
operations  of  these,  so  far  as  it  can  be  done,  it  is  satis- 
factory to  trace. 

In  digestion,  the  food  is  submitted  to  the  action  of  the 
gastric  juice,  or  liquor  secreted  by  the  glands  of  the  sto- 
mach, at  a temperature,  in  the  more  perfect  animals,  a- 
bove  90,  and  to  the  pressure,  more  or  less  forcible,  arising 
from  the  contraction  of  the  stomach  itself.  It  is  thus  re- 
solved into  a soft  pulpy  mass,  in  which  the  previous  tex- 
ture or  nature  of  the  aliment  can  scarcely  be  distinguish- 
ed. By  facts,  to  be  afterwards  stated  under  the  chemical 
history  of  the  gastric  fluid,  it  is  proved,  that  it  is  principally 
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by  the  solvent  power  which  it  exerts,  that  this  digestion  of 
the  food  is  effected.  The  nature  of  the  change  itself  is  not 
very  well  ascertained  ; but  the  food  does  not  seem  to  be  re- 
solved into  its  ultimate  principles  ; its  soluble  parts  rather 
appear  to  be  extracted  without  decomposition,  and  brought 
into  intimate  mixture,  while  there  is  also  a partial  animali- 
zation,  by  the  intermixture  of  the  saliva  and  gastric  fluids. 
Tile  digested  food,  conveyed  into  the  intestinal  canal, 
probably  continues  to  suffer  further  changes,  promoted  by 
the  temperature,  and  alternating  pressure  ; and  more  di- 
rectly produced  by  the  action  of  the  pancreatic  juice  and 
the  bile  •,  after  the  intermixture  of  the  latter  fluid,  traces 
of  the  chyle  are  observed,  and  this  milky  fluid,  in  the 
progress  of  the  food  through  the  intestinal  canal,  is  ab- 
sorbed by  the  lacteals,  and  conveyed  into  the  mass  of 
blood.  Chylification,  therefore,  is  the  last  stage  in  the 
process  of  digestion  ; the  precise  nature  of  the  changes 
which  constitute  it  are  not  ascertained,  but,  from  the 
opaque  milky  appearance  of  chyle,  it  is  obvious  that  it  is 
not  a perfect  solution  ; the  more  soluble  principles  of  the 
food  are,  no  doubt,  dissolved  in  it ; others  less  soluble, 
but  probably  nutritious,  appear  to  be  suspended  in  it;  and 
the  whole  is  so  far  animalized,  as  to  contain  a product 
approaching  to  one  of  the  most  important  principles  of 
animal  matter,  albumen,  capable  of  being  discovered  in  it 
by  coagulation  by  heat.  The  chyle  mixes  with  the  blood, 
so  that  all  traces  of  it  are  immediately  lost. 

There  is  a chemical  change  constantly  produced  in  the 
blood  by  the  process  of  Respiration,  probably  connected 
•with  the  process  of  aniinalizution.  While  it  circulates 
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through  the  lungs,  it  is  exposed,  in  the  minute  blood-ves- 
sels, under  a very  extensive  surface,  to  the  action  of  the 
atmospheric  air,  alternately  taken  in  and  tin  own  out  in 
breathing.  A portion  of  carbonic  acid  is  formed,  and  dis- 
charged from  the  lungs,  the  quantity  of  oxygen  necessary 
to  form  this,  being  abstracted  from  the  atmospheric  air 
inspired.  The  blood  loses,  therefore,  a portion  of  car- 
bon, with  which  this  oxygen  combines  ; and  as  this  pro- 
cess is  constantly  carried  on,  it  must  be  connected  with  the 
changes  which  the  blood  suffers  in  the  system,— in  other 
words,  with  the  formation  of  the  animal  products.  It  is 
not  improbable  that  a portion  at  least  of  this  carbon  is 
derived  from  the  imperfectly  assimilated  chyle,  and  as  am- 
r-  null  matter  contains  a smaller  proportion  ol  carbon  than 
vegetable  matter,  a portion  of  it  probably  remains  redun- 
dant in  the  blood,  after  the  formation  of  the  principles  ol 
that  fluid  from  the  chyle,  or  of  the  other  animal  products  in 
the  course  of  the  circulation  ; a principal  office,  therefore, 

. of  respiration,  is  probably  to  remove  a principle  which 
would  thus  otherwise  become  redundant. 

Lastly,  by  Secretion  the  animal  fluids  and  solids  aic 
formed.  Either  in  the  extreme  blood-vessels,  or  in  the 
minute  and  convoluted  vessels  whic  h constitute  the  glands, 
the  blood  suffers  changes  of  composition,  whence  the 
different  products  are  formed.  The  nature  of  the  pro- 
cess of  secretion,  by  which  this  is  accomplished,  is  ex- 
tremely obscure ; but  it  is  evident,  that  however  the  ac- 
tions of  the  vessels,  whence  the  changes  arise,  may  be  de- 
pendent on  their  vitality,  the  changes  themselves  are  strict- 
ly chemical.  And  it  may  perhaps  be  proposed,  as  no  nn- 
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probable  hypothesis  of  the  nature  of  secretion,  that  the 
cause  productive  of  the  new  combinations  to  which  it  gives 
rise,  is  merely  the  approximation  of  the  elements  ol  the 
blood,  by  the  contraction  of  the  vessels  through  which  it 
is  transmitted.  It  is  urged,  by  the  contractile  force  of  the 
heart  and  arterial  system,  through  vessels  extremely  mi- 
nute, and  even  the  diameters  of  these  vessels  are  alternate- 
ly diminished  and  enlarged  by  their  alternate  contraction, 
and  relaxation'.  By  this,  an  approximation  and  change 
in  the  relative  positions  of  the  particles  which  compose  the 
principles  of  the  blood  must  be  produced.  There  can 
now  remain  no  doubt,  that  the  force  of  attraction  between 
the  minute  particles  of  matter  is  materially  modified  by 
the  distances  at  which  they  are  placed  by  such  a cause, 
therefore,  changes  in  the  exertion  of  attraction  in  the 
principles  of  the  blood  may  be  produced,  and  be  produc- 
tive of  all  the  new  combinations  to  which  secretion  gives 
rise. 

By  secretion  a variety  of  products  aro  formed,— -as  the 
bile,  milk,  See. ; and  by  an  analogous  process,  carried  on 
without  the  intervention  of  glands,  in  the  extreme  blood- 
vessels, are  probably  formed  the  principles  of  the  blood  it- 
self, and  the  greater  number  of  the  animal  solids.  The 
process  of  animalization  is  thus  completed,  and,  from  the 
progressive  operation  of  these  general  processes,  Digestion, 
Respiration,  and  Secretion,  the  formation  of  animal  mats 
lex  is  traced.  ( 
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CHAP.  II. 

OF  THE  ANIMAL  PRODUCTS. 

The  different  varieties  of  animal  matter  may  probably, 
like  vegetable  substances,  be  comprised  under  a certain 
number  of  well-defined  species.  This,  however,  is  as  yet 
imperfectly  attained  •,  we  therefore  consider  merely  the 
principal  animal  fluids  and  solids,  introducing  under  their 
history  those  specific  distinctions  which  can  be  established, 
and  the  notice  of  those  principles  which  are  characterised 
by  these  distinctions.  ' The  blood  may  first  be  considered 
as  the  source  of  the  others  ; and  its  history  is  farther  of  im- 
portance, as  it  contains  those  proximate  principles  of  which,  _ 
the  other  varieties  of  animal  matter  are  principally  formed. 


Sect.  I. — Of  the  Blood. 

The  blood,  or  common  fluid  which  circulates  in  the  ves- 
sels of  the  animal  system,  and  is  the  source  of  the  various 
secreted  products,  differs  in  the  different  tribes  of  animals. 
It  is  from  its  properties  in  the  more  perfect,  or  warm- 
blooded animals  as  they  are  named,  that  its  chemical  his- 
tory is  drawn. 

While  in  the  vessels  of  the  animal  system,  it  appears  to 
be  homogeneous.  The  microscope  discovers  it,  however. 
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to  consist  of  globules  diffused  tlirough  a liquid  ; and  when 
it  has  been  drawn  for  a short  time,  it  separates  into  two 
parts,  one  solid  and  firm,  of  a red  colour,  the  other  liquid, 
of  a slight  yellowish  tinge.  The  former  is  named  the 
Crassamentum,  the  latter  the  Serum.  By  a farther  simple 
analysis,  that  merely  of  washing  with  w'ater,  the  crassa- 
mentum is  resolved  into  two  parts,  a firm  white  elastic 
substance,  insoluble  in  water,  which  has  been  named  Olu 
ten  or  Fibrin,  and  the  colouring  matter  of  the  blood,  which 
is  carried  off  in  a state  of  solution.  The  cause  of  the  coagu- 
lation of  the  blood  is  not  well  determined.  It  takes  place 
more  readily  when  the  temperature  is  allowed  to  fall,  and 
when  the  blood  is  at  rest ; but  it  also  happens  when  it  is 
agitated,  and  when  the  temperature  is  not  reduced.  Nei- 
ther is  it  dependent  on  the  access  oi  the  air.  It  pro- 
bably arises  from  a property  belonging  to  the  fibrin,  the 
operation  of  which  is  counteracted  by  the  circumstances 
under  which  the  blood  circulates  in  the  animal  system. 

This  coagulation  affords  the  most  simple  and  direct 
mode  of  discovering  the  immediate  constituent  principles 
of  the  blood. 

The  liquid  portion,  or  Serum,  is  of  a pale  yellowish  co- 
lour, somewhat  tenacious,  and  has  a slightly  saline  taste. 
It  is  perfectly  miscible  with  water  ; a little  free  soda  exists 
in  it,  whence  it  changes  the  blue  colour  ol  violet  to  a 
green. 

It  coagulates  from  the  application  of  heat,  raised  to  160^, 
forming  a mass  more  or  less  firm,  but  tremulous,  with  a 
portion  of  liquid  diffused  through  it.  It  is  also  coagulated  by 
the  action  of  a number  of  the  acids,  by  salts  with  an  excess 
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of  acid,  by  alkohol,  and  by  some  metallic  oxides.  The- 
substance  which  coagulates  exists  in  many  of  the  animal 
products,  besides  the  blood.  It  is  named  Albumen,  and 
is  the  first  immediate  principle  existing  in  this  fluid,  the 
properties  of  which  are  to  be  pointed  out. 

Albumen  is  soluble  in  cold  water,  but  is  separated  from 
it  by  coagulation  when  its  temperature  is  raised,  and  also 
by  the  action  of  those  re-agents  which  separate  it  from  the 
serum.  After  its  coagulation  it  is  not  soluble  as  before. 
The  coagulation  by  heat  does  not  take  place  when  its  so- 
lution has  been  previously  much  diluted.  The  alkalis  dis- 
solve albumen  ; ammonia  dissolves  it  very  slowly,  the  solu- 
tion forming  a kind  of  viscid  porous  pulp : potash  and  soda, 
while  they  dissolve  it,  partially  decompose  it,  causing  an 
exhalation  of  ammonia,  and  the  separation  of  a grey  pow- 
der. Acids  likewise  dissolve  it,  but  at  the  same  time  re-act 
upon  it,  producing  decomposition  to  a greater  or  less  ex- 
tent. It  is  decomposed  by  heat,  and  in  this  decomposition 
affords  the  usual  products  of  the  decomposition  of  animal 
matter.  Sulphur  appears  peculiarly  to  exist  in  it ; hence, 
when  it  is  triturated  with  nitrate  of  silver,  the  sulphuret  of 
the  metal  is  formed. 

The  chemical  test  by  which  the  presence  of  albumen 
can  be  recognised  with  the  greatest  delicacy  and  accuracy, 
is  the  corrosive  muriate  of  mercury,  a few  drops  of  its  so- 
lution detecting,  by  the  milkiness  it  produces,  albumen  dis- 
solved in  2000  parts  of  water.  Goulard’s  Extract,  and 
nitrate  of  silver,  also  precipitate  it ; but  they  are  of  little 
utility  as  tests,  as  they  act  on  other  principles  of  animal 
matter. 
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Albumen  exists  not  only  in  the  blood,  but  in  many  ol  the 
soft  solids.  Mr  Hatchet’s  experiments  prove  that  it  forms 
the  base  of  cartilage,  shell,  horn,  and  hair,  and  it  enteis 
into  the  composition  of  membrane,  muscular  fibie,  and 
bone. 

If  the  liquid  diffused  through  the  coagulum  of  the  serum 
be  pressed  out  from  the  albumen,  and  il  it  be  made  to 
boil  gently,  it  has  been  said  to  become  gelatinous  on  cool- 
ing. This  being  the  distinguishing  property  of  a prin- 
ciple existing  in  various  animal  solids,  and  denominated 
from  it  Gelatin,  it  has  been  inferred,  that  it  is  one  ot  the 
constituents  of  the  blood.  The  fact,  however,  has  been 
more  lately  rendered  doubtful  by  Dr  Bostock  s expeti- 
ments.  When  the  albumen  of  the  serum  is  coagulated  by 
heat,  the  separation  is  not  perfect,  a portion  still  being 
dissolved  in  the  remaining  liquid.  But  il  this  be  removed 
by  precipitation  by  oxy-muriate  of  mercury,  it  does  not 
afford  a jelly,  and  it  gives  no  precipitate  with  infusion  of 
tannin,  a test  by  which  gelatin  is  discovered  in  very  minute 
quantity.  Hence  he  concludes,  that  gelatin  does  not  exist 
in  the  serum  of  the  blood.  There  is  a small  quantity  of 
an  uncoagulable  matter,  however,  different  from  albumen, 
which  he  considers  as  the  principle  denominated  Mucus, 
the  characters  of  which  are  not  being  coagulated  by  heat, 
nor  concreting  by  cold,  and  not  being  affected  by  corrosive 
muriate  ot  mercury,  or  tannin,  but  being  copiously  pi  ca- 
pitated by  acetate  ot  lead. 

The  serum,  besides  these  varieties  ol  animal  matter,  holds 
dissolved  some  saline  substances,— pure  soda,  muriate  of 
soda,  phosphate  oi  soda,  and  phosphate  ol  lime. 
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The  C'rassamentum  of  the  blood  is  of  a soft  consistence, 
and  a dark-red  colour,  which  becomes  florid  at  the  surface 
from  exposure  to  atmospheric  air  or  oxygen  gas,  while  it  is 
rendered  of  a darker  hue  by  other  gases.  Though  appa- 
rently homogeneous,  it  is  resolved,  by  the  mere  affusion 
of  water  continued  sufficiently  long,  into  two  parts ; the 
colouring  matter  is  carried  off  in  solution  in  the  water,  and 
there  remains  a white  fibrous  substance  denominated  Fi- 
brin. 

The  colouring  matter  appears  from  microscopical  ob- 
servations to  be  in  the  form  of  round  globules.  It  is  so- 
luble in  water,  retaining  its  colour  ; but  when  the  solution 
is  heated  to  170p,  it  becomes  brown,  and  a flocculent  pre- 
cipitate is  formed.  It  is  this  matter  on  which  the  gases 
act  more  peculiarly ; and  substances  capable  of  communi- 
cating oxygen  to  it,  as  oxide  of  mercury,  when  diffused 
through  its  solution,  communicate  to  it  a florid  hue. 

This  colouring  matter  appears  partly  to  consist  of  albu- 
men as  it  is  coagulated  by  heat,  and  by  acids,  wdiile  al- 
kalis dissolve  it.  The  matter  communicating  colour  ap- 
pears to  have  iron  for  its  basis,  either  (,he  pure  colouring 
matter  itself,  obtained  by  evaporation  of  its  solution,  or 
the  entire  crassamentum,  affording  a considerable  quantity 
of  that  metal  in  the  residual  matter  obtained  in  its  decom- 
position by  heat.  This  is,  according  to  the  experiments 
of  Fourcroy  and  Vauquelin,  oxidated,  and  probably  in 
the  state  of  a sub-phosphate.  The  colouring  matter  ob- 
tained by  evaporation  of  its  solution,  they  found,  afforded 
phosphoric  acid  and  oxide  of  iron.  Sub-phosphate  of 
iron,  according  to  these  chemists,  is  of  a brownish-red 
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colour,  and  soluble  fn  alkalis  ; and  the  pure  soda  of  the 
blood,  they  suppose,  maintains  it  in  a state  of  solution. 
They  accordingly  affirm  that  sub-phosphate  of  iron  is  so- 
luble in  the  serum  of  the  blood,  or  in  the  white  of  an  egg 
which  is  albumen  nearly  pure,  and  that  it  forms  a deep  red 
colour,  the  addition  of  a little  pure  alkali  both  promoting 
the  solution,  and  rendering  the  colour  more  lively.  Hence 
they  conclude,  that  the  colouring  matter  of  the  crassa- 
mentum  consists  of  albumen  with  sub-phosphate  of  iron. 

The  Fibrin,  which  is  its  other  constituent  part,  remains 
when  the  colouring  matter  has  been  removed  by  the  affu- 
sion of  water ; it  is  also  obtained  by  agitating  the  mass  ol 
blood  itself  with  a rod,  the  serum  and  colouring  matter 
being  mixed  by  the  agitation,  while  the  fibrin  adheres  to 
the  rod.  It  is  sometimes  found  concreted  in  the  large 
blood-vessels  after  death,  forming  what  have  been  named 
Polypi ; and  in  inflammatory  diseases,  it  is  more  peculiar- 
ly disposed  to  separate  from  the  blood  when  it  is  drawn 
from  the  vessels,  and  gives  rise  to  the  appearance  named 
the  Inflammatory  Crust,  or  Buffy  Coat  of  the  Blood. 
The  same  principle  exists  in  other  animal  products  ; it  is 
in  particular  the  basis  of  the  Flesh,  or  Muscular  Fibre. 

Fibrin  is  a solid  elastic  substance,  of  a distinctly  fibrous 
texture,  of  a white  colour,  inodorous  and  tasteless;  it 
shrinks  when  dried  and  exposed  to  heat ; it  is  quite  inso- 
luble in  water,  except  at  a very  high  temperature,  obtain- 
ed by  applying  heat  under  coirtpression.  In  a humid 
state  it  is  liable  to  spontaneous  decomposition,  softening, 
and  at  length  becoming  putrid.  It  is  dissolved  by  the  al- 
kalis, but  is  at  the  same  time  decomposed,  ammouia  being 
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exhaled  when  it  is  acted  on  by  potash  or  soda.  Pure  am- 
jnonia  scarcely  acts  upon  it,  unless  heat  be  applied  ; it  then 
dissolves  it.  The  acids  decompose  it, — sulphuric  acid 
charring  it,  and  forming  acetic  acid, — nitric  acid  disen- 
gaging from  it  nitrogen  gas,  and  forming  other  products 
which  vary  according  to  the  concentration  of  the  acid,  the 
principal  of  which  are,  acetic,  malic,  and  prussic  acids, 
an  oily  substance,  and  a peculiar  yellow  bitter  matter, — 
muriatic  and  acetic  acid  dissolving  it,  but  so  far  changing 
its  composition,  that  when  it  is  precipitated  by  the  alkalis, 
it  no  longer  has  its  original  properties.  It  is  decomposed 
by  heat,  and  affords  the  usual  products  of  the  decomposi- 
tion of  animal  matter. 

After  this  enumeration  of  the  constituent  proximate 
principles  of  the  blood,  the  properties  of  the  entire  com- 
pound itself,  which  in  a great  measure  result  from  these, 
will  be  better  understood. 

The  blood,  when  newly  drawn,  appears  homogeneous  ; 
it  is  soluble  in  water,  and  this  dilution  prevents  its  spon- 
taneous coagulation.  If  it  be  heated,  howrever,  the  albu- 
men is  partially  separated  in  flakes.  Acids  added  to  blood 
immediately  decompose  it,  rendering  its  colour  dark,  and 
producing  coagulation.  Alkalis  render  it  more  thin,  and 
prevent  its  spontaneous  coagulation.  The  metallic  salts 
in  general  decompose  and  coagulate  it.  It  soon  passes 
into  putrefaction  ; but  if  the  watery  part  be  dissipated  by  e- 
vaporation,  and  the  solid  matter  be  rendered  perfectly  dry, 
this  change  takes  place  very  slowly.  Decomposed  by 
heat,  it  affords  all  the  products  of  animal  matter  ; the  elas- 
tic fluids  disengaged  are  extremely  offensive,  and  the  char- 
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coal  which  remains  is  brilliant,  and  of-  difficult  incinera- 
tion ; when  burnt,  it  affords  a considerable  portion  ot  iron. 

In  concluding  the  history  of  the  blood,  it  is  necessaiv 
to  remark,  that  there  is  an  important  difference  in  it,  as  it 
exists  in  the  arteries  and  in  the  veins  ol  an  animal  \ and,this 
difference  from  the  known  operation  of  the  cause  by  which  it. 
is  produced,  must  depend  on  a chemical  change.  The  ve- 
nous blood  returned  from  the  extreme  vessels  to  the  heart,  is 
brought  by  the  pulmonary  arteries  to  the  lungs,  through 
whichit  circulates,  exposed  to  the  air  received  in  respiration, 
under  a very  extensive  surface,  and  with  the  interposition 
of  a very  thin  membrane,  whiph  appears  not  to  prevent, 
the  reciprocal  action  of  the  air,  and  blood.  Part  of  the 
oxygen  of  the  inspired  air,  is  consumed,  and  a portion  oi 
carbonic  acid  gas  is  formed,  which  is  expired  with  the  re- 
sidual air  j the  blood  at  the  same  time  loses  its  dark  pur- 
ple colour,  and  acquires  a vivid  vermilion  hue ; it  is  re- 
turned to  the  left  side  of  the  heart,  is  conveyed  by  the  ar- 
teries to  the  different  parts  of  the  system,  and  again  con- 
verted to  the  venous  state.  These  reciprocal  changes  are 
so  necessary  to  life,  that  their  interruption  by  the  suspen- 
sion of  respiration  proves  almost  immediately  fatal:  they 
are  obviously  connected  with  changes  of  composition,  and 
arc  hence  subjects  of  chemical  investigation. 

Many  experiments  have  been  made  to  determine  the  re- 
lation between  the  consumption  of  oxygen  by  respiration, 
and  the  formation  of  carbonic  acid,  and  the  extent  of 
these  changes.  These  have  presented  very  discordant 
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results,  particularly  with  regard  to  the  proportion  of 
oxygen  consumed,  to  that  of  carbonic  acid  formed.  By 
the  late  accurate  experiments  of  Allen  and  Pepys,  it 
appears  to  be  established,  that  there  is  no  excess  of  oxy- 
gen consumed  above  that  which  is  necessary  to  the  forma- 
tion of  the  quantity  of  carbonic  acid  gas  which  is  produ- 
ced, as  had  been  supposed,  but  that  the  one  is  equivalent 
to  the  other.  The  absolute  quantities  vary  from  circum- 
stances, but  on  an  average,  they  estimate  the  production 
of  carbonic  acid  gas,  in  natural  respiration,  at  26.6  cubic 
inches  in  a minute ; and  as  oxygen  gas  occupies  exactly 
the  same  space,  when  converted  into  carbonic  acid  gas, 
which  it  does  in  its  pure  form,  this  of  course  gives  the 
quantity  of  oxygen  consumed  in  the  same  time.  There  ap- 
peared, in  some  prior  experiments,  -to  be  also  a consump- 
tion of  nitrogen  in  respiration  ; they  found,  however,  that 
this  is  not  the  case,  and  the  apparent  consumption  is  ow- 
ing to  fallacy  from  the  effect  of  respiration  rendered  labo- 
rious in  the  course  of  the  experiment ; by  which,  at  the 
end  of  it,  the  full  proportion  of  air  is  not  thrown  from 
the  lungs.  A portion  of  watery  vapour  is  also  expired  : 
its  quantity  amounts  to  between  two  and  three  grains  in  a 
minute,  and  its  source  is  probably  evaporation  from  the 
humid  surface  of  the'lungs 

The  chemical  changes -which  occur  in  respiration,  are 
considerably  influenced  by  various  circumstances.  Thus 
the  consumption  of  oxygen  is  greater  at  a low,  than  at  a 
high  temperature  j during  digestion,  its  consumption  is 
also  increased,  as  it  is  by  muscular  exertion.  When  oxy- 
gen gas  is  respired,  more  of  it  is  consumed  than  iu  the 
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respiration  of  atmospheric  air  ; and  there  is  some  reason 
to  infer,  that  a portion  of  it  is  in  this  case  absorbed  by 

the  blood.  , 

Different  views  have  been  presented  of  the  manner  in 
which  the  chemical  changes  that  occur  in  respiration  aie 
produced.  Crawford  advanced  perhaps  the  first  expla- 
nation that  could  be  considered  as  precise.  He  supposed, 
that  in  the  course  of  the  general  circulation,  and  more 
especially  in  the  extreme  vessels,  the  arterial  blood  receives 
a supply  of  the  compound  of  carbon  and  hydrogen,  which 
in  its  elastic  form  constitutes  the  heavy  inflammable  air  of 
the  older  chemists,  the  hydro-carbon,  or  carburetted  hy- 
drogen of  the  modern  nomenclature ; by  receiving  this, 
it  is  converted  to  the  venous  state ; this  principle  escapes 
from  the  venous  blood  during  its  circulation  through  the 
lungs,  permeates  the  thin  membrane  in  which  the  blood  is 
inclosed,  and  combines  in  its  nascent  state  with  the  oxvgen 
of  the  inspired  air,  forming  carbonic  acid  gas  and  watery 
vapour,  which  are  expired.  And  the  blood,  losing  this 
hydro-carbon,  resumes  its  arterial  state. 

Lavoisier  presented  a similar  view  j at  the  same  time 
lie  remarked,  that  the  phenomena  of  respiration  may  be 
explained  in  another  mode,— that  the  oxygen  which  disap- 
pears in  respiration  may  be  supposed  to  be  absorbed  by 
the  blood  ; it  may,  in  the  course  of  the  circulation,  combine 
with  carbon  to  form  carbonic  acid,  and  this  acid  convey- 
ed by  the  venous  blood,  may  be  discharged  in  the  lungs, 
while  a new  portion  of  oxygen  is  taken  in.  This  expla- 
nation was  adopted  and  illustrated  by  Hassenfratz  and  La- 
grange. 
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Both  these  hypotheses  are  extremely  defective.  There 
is  no  proof  in  that  advanced  by  Crawford,  of  carbon  and 
hydrogen  being  communicated  to  the  blood  in  the  extreme 
vessels,  or  of  the  existence  of  such  a compound  as  carbu- 
retted  hydrogen  in  venous  blood.  And  there  is  an  equal 
deficiency  of  proof  in  the  first  principles  of  the  opposite 
hypothesis,  that  oxygen  is  absorbed,  or  exists  in  arterial 
blood  in  a state  of  loose  combination,  or  that  carbonic  acid 
is  present  in  venous  blood  in  a similar  state  : the  last  sup- 
position seems  even  to  be  precluded  by  the  fact,  that  when 
blood  has  absorbed  carbonic  acid,  it  is  not  rendered  florid 
by  subsequent  exposure  to  oxygen.  An  objection  to  both 
hypotheses,  not  less  important,  is,  that  the  changes  which 
they  suppose,  are  not  analogous  to  the  usual  chemical 
changes  which  take  place  in  the  animal  system  ; and  that 
they  are  not  sufficiently  connected  with  the  purposes  which 
the  blood  serves  in  its  circulation.  When  the  general  fa- 
cility of  combination  in  the  principles  of  animal  matter, 
and  the  tendency  which  the  actions  of  the  vessels  have  to 
form  them  into  ternary  or  quaternary  principles,  are  con- 
sidered, it  is  improbable  that  oxygen  should  be  absorbed 
by  the  blood  in  the  lungs,  without  immediately  altering  its 
composition  ; that  without  being  attracted  by  any  of  the 
other  principles,  it  should  be  merely  combined  with  car- 
bon, or  with  carbon  and  hydrogen,  in  the  proportions 
necessary  to  form  carbonic  acid  and  water  ; and  that  this 
carbonic  acid,  without  affecting  the  ultimate  composition 
of  the  blood,  should  be  carried  the  whole  length  of  the 
venous  circulation,  and  thrown  out  at  the  lungs.  It  is 
equally  improbable,  that  carbon  and  hydrogen  should  he 
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brought  into  a.  state  of  binary  combination  in  the  extreme 
vessels,  and  should  be  held  dissolved  by  the  venous  blood, 
till  acted  on  by  the  oxygen  of  the  air  in  respiration.  Still 
less  are  the  changes  which  these  explanations  suppose  con* 
nected  with  the  changes  which  the  blood  suffers.  Its  prin- 
ciples are  expended  in  the  formation  of  the  diffeient  secre- 
tions, and  in  the  nourishment  of  the  solid  fibre.  But  no 
connection  is  traced  between  these  known  changes,  and 
the  supposed  communication  of  hydro-carbon,  or  the  com- 
bination of  carbon  and  oxygen,  in  the  extreme  vessels. 

The  conversion  of  arterial  into  venous  blood  ought  to  be 
considered  as  the  result  of  the  changes  carried  on  in  the 
extreme  vessels,  and  this  conversion,  as  well  as  that  of  ve- 
nous into  arterial  blood,  as  arising  from  changes  in  the  ulti- 
mate composition  of  the  known  proximate  principles  of  the 
blood,  and  not  from  the  alternate  communication  and  ab- 
straction of  a principle  which  it  holds  dissolved  in  a state  of 
loose  combination.  According  to  this  view  of  the  subject, 
the  following  maybe  considered  as  an  explanation  of  these 
phenomena. 

The  blood  is  the  source  whence  the  products  of  the  ani- 
mal system  are  formed.  Its  expenditure  is  constantly  sup- 
plied by  the  chyle,  a fluid  less  completely  animalized  than 
the  blood  itself.  The  peculiar  character  of  animal  matter, 
with  respect  to  composition,  is  a large  proportion  of  ni- 
trogen, and  a diminished  proportion  of  carbon,  it  may 
therefore  be  inferred,  that  in  the  extreme  vessels,  where 
the  animal  solids  and  fluids  are  formed,  the  general  pro- 
cess will  be  the  separation  from  the  blood  of  those  ele- 
ments of  which  animal  matter  is  composed  j and  that,  of 
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course,  carbon,  which  enters  more  sparingly  into  their 
composition,  will  exist  in  the  remaining  blood  in  an  in- 
creased proportion.  This  may  be  considered  as  the  ge- 
neral nature  of  the  conversion  of  arterial  into  venous  blood. 
The  oxygen  of  the  inspired  air  acting  on  the  extensive  sur- 
face of  blood  in  the  lungs  will  abstract  a portion  of  car- 
bon, forming  carbonic  acid  ; and  this  gives  rise  to  the  con- 
version to  the  arterial  state.  The  accumulation  of  carbon 
is  thus  prevented,  and  the  due  proportion  of  the  elements 
of  the  blood  preserved. 

From  the  chemical  changes  which  occur  in  respiration, 
has  been  derived  the  explanation  of  that  uniform  tempe- 
rature which  animals  preserve,  in  general  superior  to  that 
of  the  medium  in  which  they  live.  It  had  been  observed, 
that  in  different  animals,  the  superiority  of  their  tempera- 
ture to  that  of  the  surrounding  air,  is  greater  according 
to  the  greater  size  of  their  lungs  whence  it  had  been  in- 
ferred, that  respiration  is  the  source  of  animal  heat, — a 
conclusion  which  Dr  Black  confirmed  by  observing  the 
'analogy  between  this  process  and  combustion,  in  the 
changes  which  are  effected  in  the  air. 

Dr  Crawford  first  explained  this  doctrine  with  preci- 
sion, and  established  it  by  accurate  experiments.  He  had 
previously  shewn,  that  in  general,  when  inflammable  bodies 
combine  with  oxygen  gas,  a diminution  of  capacity  takes 
place,  whence  there  must  be  an  evolution  of  caloric  •,  and 
that  in  the  combustion  of  charcoal,  when  carbonic  acid 
is  formed  from  the  combination  of  oxygen  with  carbon,  a 
large  quantity  of  caloric  is  rendered  sensible.  It  is  evi- 
dent, that  since  in  respiration  a similar  consumption  of 
oxygen  and  production  of  carbonic  acid  take  place,  there 
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must  be  a similar  evolution  of  caloric.  He  further  ascer- 
tained by  experiment,  that  the  capacity  of  the  blood 
changes  when  it  passes  from  arterial  to  venous  5 and  of 
course  from  venous  to  arterial;  that  of  arterial  being  lar- 
ger than  that  of  venous  blood,  in  the  proportion  of  1.030 
to  0.892.  On  these  facts  he  founded  his  admirable  theo- 
ry of  Animal  Heat.  In  respiration,  a quantity  of  oxy- 
gen is  combined  with  carbon,  and  carbonic  acid  is  formed. 
Caloric  must  be  evolved  in  consequence  of  this  combina- 
tion. But  the  blood  is  at  the  same  time  changed  from  ve- 
nous to  arterial,  and  by  this  change  acquires  a greater  ca- 
pacity for  caloric.  It  therefore  takes  up  the  caloric  which 
has  been  extricated  by  the  combination  ; so  that  any  rise 
of  temperature  in  the  lungs  which  would  be  incompatible 
with  life  is  prevented.  The  arterial  blood,  in  its  circula- 
tion through  the  extreme  vessels,  passes  to  the  venous 
state.  In  this  conversion,  its  capacity  for  caloric  is  dimi- 
nished, as  much  as  it  had  been  before  increased,  in  the 
lungs : the  caloric,  therefore,  which  had  been  absorbed, 
is  again  given  out ; and  this  slow  and  constant  evolution 
of  caloric  in  the  extreme  vessels  over  the  whole  body  is  the 

source  of  its  uniform  temperature. 

Besides  the  experiments  from  which  this  theory  was  di- 
rectly deduced,  it  has  been  confirmed  by  others,  in  which 
the  quantity  of  caloric  rendered  sensible  by  an  animal 
is  measured.  Dr  Crawford,  and  Lavoisier  and  La  Place, 
found,  that  when  an  animal  is  confined  in  a vessel,  con- 
trived so  as  to  measure  the  quantity  oi  caloric  which  it 
gives  to  the  surrounding  medium  in  a certain  time,  and 
the  quantity  of  oxygen  consumed  by  the  animal  in  that 
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time,  this  quantity  of  caloric  corresponds  nearly  to  the 
quantity  evolved  from  the  combustion  of  carbonaceous 
matter,  such  as  wax  or  oil,  in  the  same  quantity  of  oxy- 
gen. 

This  explanation  is  altogether  independent  on  any  parti- 
cular theory  of  respiration.  Whatever  may  be  the  nature 
of  the  differences  between  venous  and  arterial  blood,  it 
is  proved  by  experiment,  that  the  blood  in  these  two  states 
has  different  capacities  for  caloric  j and  on  this  fact  the 
explanation  of  the  origin  of  animal  temperature  depends. 
It  is  likewise  the  same,  whether  the  combination  of  oxy- 
gen with  carbon  be  supposed  to  take  place  in  the  lungs  or 
in  the  course  of  the  circulation,  since  from  this  combina- 
tion the  carbonic  acid  expired  is  derived  ; and  whenever 
this  takes  place,  there  must  be  an  evolution  of  caloric. 

1 ranspiration  is  a function  analogous  to  respiration,  and 
gives  rise  to  similar  changes,  though  to  a much  less  ex- 
tent. Carbonic  acid  gas  is  exhaled  from  the  skin  with  wa- 
tery vapour,  and  oxygen  is  consumed.  A small  portion 
of  acid,  too,  appears  to  be  secreted  by  the  cutaneous  ves- 
sels. 


• Sf.ct.  II. — Of  the  Chyle. 

Chyle  is  the  fluid  taken  up  by  the  lacteals  from  the 
food  which  has  been  digested  in  the  stomach,  and  con- 
veyed into  the  intestinal  canal.  It  is  conveyed  by  the 
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thoracic  duct-  into  the  mass  of  blood,  and  is  obviously  the 
source  whence  the  expenditure  of  matter  in  the  formation 

of  the  animal  products  is  supplied. 

The  chyle  is  of  a white  colour  ; its  taste  is  sweetish.  It 
is,  from  its  milkiness,  evidently  heterogeneous ; and,  on 
standing,  a portion  of  a thicker  consistence,  it  is  affirmed, 
separates  and  collects  on  the  surface.  After  exposure  for 
some  time  to  the  air,  it  becomes  gelatinous,  and  at  length 
presents  a firm  coagulum,  semi-transparent,  and  of  a light 
red  tinge,  under  which  is  a portion  of  liquid,  thin,  and 
of  the  colour  of  milk.  Besides  this  matter,  which  coagu- 
lates spontaneously,  it  contains  a fluid  that  coagulates  by 

heat. 

The  properties  of  this  fluid  have  been,  however,  very 
imperfectly  examined,  owing,  in  a great  measure,  to  the 
difficulty  of  procuring  it  in  quantity  sufficient  to  admit  oi 
an  experimental  investigation.  It  probably  differs,  too, 
according  to  the  substances  received  into  the  stomach, 
these  being  frequently  discernible  in  it  in  an  unchanged 
state.  Thus  the  colouring  matter  of  indigo  is  discerned 
by  the  blue  tinge  it  communicates,  and  musk  by  its  strong 
and  peculiar  odour. 


Sect.  III. — Of  Milk , Sugar  of  Milk,  Saccko-lactic  Acid. 

Milk,  the  secreted  liquid  designed  for  the  nourishment 
of  young  animals,  though  it  differs  somewhat  in  its  pro- 
perties in  different  species,  appears  to  contain  the  same 
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proximate  principles,  and,  on  the  whole,  to  be  essentially 
the  same. 

It  is  white  and  opaque,  bland  and  sweet  to  the  taste; 
its  consistence  is  somewhat  thick,  and  its  specific  gravity  a 
little  greater  than  that  of  water.  On  remaining  at  rest 
after  it  has  been  drawn,  it  soon  suffers  a slight  decompo- 
sition; a thick  bland  fluid,  the  cream,  rises  to  the  surface, 
and  the  portion  beneath  remains  rather  more  Watery. 
T.  his  separation  facilitates  the  examination  of  its  proximate 
principles. 

The  Cream  is  of  an  oily  nature.  By  agitation  it  is  re- 
solved into  a fluid  and  solid  part,  the  latter  having  the' 
properties  of  expressed  oil.  Tin’s  substance,  Butter  as  it 
is  named,  is  a constituent  part  of  the  milk,  and  appears 
to  be  in  a great  measure  mechanically  diffused  through  it. 

Milk,  after  the  separation  of  the  cream  has  taken  place, 
soon  suffers  another  change ; it  becomes  acescent,  and 
then  coagulates,  apparently  from  the  re-action  of  the  acid 
on  the  principle  that  separates,  as  acids,  even  the  weakest, 
have  the  same  effect.  It  is  also  produced  by  a number  of 
neutral  salts,  by  alkohol,  by  the  gastric  fluid  of  animals, 
the  juices  of  a number  of  plants,  and  even  by  heat ; the 
matter  which  separates  in  films,  when  milk  is  heated,  being 
the  same  as  that  separated  by  the  action  of  these  other 
substances.  The  gastric  fluid  taken  from  the  stomach  of 
young  animals,  or  the  liquid  prepared  from  the  macera- 
tion in  water,  with  the  addition  of  a little  salt,  of  the 
membrane  of  the  stomach  itself,  is  usually  employed  to 
afford  this  matter  in  its  least  altered  state. 

The  substance  thus  separated  is  the  Cheese  of  milk,  a 
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principle  having  very  peculiar  properties.  The  cause  of 
its  separation  is  not  ascertained,  and  it  is  rather  singular 
that  it  should  be  occasioned  by  re-agents  so  different.  The 
effect  of  the  gastric  fluid  in  separating  it,  does  not  de- 
pend on  its  acidity,  as  had  been  supposed ; as,  when  it  is 
not  sensibly  acid,  or  is  even  rendered  alkaline,  it  retains 
the  coagulating  property. 

The  Cheese,  or  Caseous  Matter  of  Milk,  is  white  or 
greyish,  somewhat  elastic,  insipid  when  fresh,  tnough  it 
acquires  taste  when  kept.  It  is  insoluble  in  water.  Ex- 
posed to  the  air  in  a humid  state,  it  soon  passes  into  a 
state  of  putrefaction  ; but  if  rendered  dry,  it  can  be  pre- 
served long  unchanged. 

The  fixed  alkalis  dissolve  it,  when  their  action  is  aided 
by  a moderate  heat,  ammonia  being  at  the  same  time  ex- 
haled from  partial  decomposition  ; and  when  an  acid  is 
added,  sulphuretted  hydrogen  is  evolved.  The  acids  like- 
wise dissolve  it,  but  with  more  01  less  decomposition , ni- 
tric acid  disengages  from  it  nitrogen  gas.  Decomposed 
by  heat,  it  affords  cmpyreumatic  oil,  ammonia,  and  car- 
burettcd  hydrogen  ; its  residual  charcoal  affords  small  por- 
tions of  fixed  alkali  and  of  phosphate  of  lime.  These  are 
the  properties  of  cheese  in  its  pure  state.  As  usually  pre- 
pared, it  generally  contains  a portion  of  the  oily  matter 
of  milk. 

The  Scrum  or  Whey  that  separates  from  the  coagulum 
of  cheese,  is  a liquid  of  a yellowish  colour  and  slight  te- 
nacity, and  of  a sweetish  taste.  When  purified  by  filtra- 
tion after  the  perfect  separation  of  the  cheese,  it  affords 
on  evaporation  a substance  of  a granulated  appearance, 
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sweet  taste,  and  yellowish  colour,  which,  dissolved  in  w a- 
ter, yields,  on  evaporation,  rhomboidal  crystals  of  a white 
colour.  This  substance,  named  the  Salt  or  Sugar  of  Milk, 
is  a very  peculiar  one.  It  is  soluble  in  seven  parts  of  cold, 
and  four  of  boiling  water.  Decomposed  by  heat,  it  affords 
products  the  same  as  those  from  the  decomposition  of  ve- 
getable saccharine  matter.  Submitted  to  the  action  of  ni- 
tric acid,  aided  by  heat,  nitric  oxide  is  disengaged,  and, 
as  the  mutual  action  proceeds,  a copious  deposition  of  a 
white  substance  takes  place.  The  residual  liquid  contains 
oxalic  acid. 

The  substance  separated  in  this  process  has  acid  pro- 
perties. It  is  named  Saccho-lactic  Acid.  Scheele,  by 
whom  it  was  discovered,  concluded  that  it  pre-exists  in 
the  sugar  of  milk,  combined  with  saccharine  matter,  and 
that  the  nitric  acid  merely  developes  it,  by  decomposing 
the  sugar  combined  with  it,  an  opinion  which,  although 
it  docs  not  appear  very  probable,  has  been  acceded  to  by 
Parmentier  and  Deyeux,  in  their  researches  on  milk. 

Saccho-lactic  acid  Is  in  the  state  of  a white  granular 
powder ; its  taste  is  slightly  sour ; it  is  sparingly  soluble  in 
water,  requiring  60  parts  at  212°  to  dissolve  it.  This  so- 
lution has  an  acid  taste,  and  reddens  the  vegetable  colours  j 
it  deposites  small  crystals  on  cooling.  This  acid  forms, 
with  the  different  salifiable  bases,  salts  named  Saccholates, 
of  which  those  with  the  alkalis  are  soluble  and  crystalliz- 
able,  those  with  the  earths  and  metallic  oxides  of  sparing 
solubility.  This  acid  is  likewise  formed  by  the  action  of 
nitric  acid  on  gum. 

The  whey  of  milk,  from  the  quantity  of  saccharine 
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matter  it  contain,  can  be  made  to  pass  into  tbe  vinous 
fermentation,  so  as  to  afford  a weak  vinous  liquor.  It 
passes  more  readily  into  the  acetous  fermentation  ; the  acid 
which  is  formed  when  it  becomes  acescent,  was  once  sup- 
posed to  be  a peculiar  one,  and  was  named  the  Lactic 
Acid.  Later  researches  have  shewn,  that  it  is  the  acetic 
acid  disguised  by  the  presence  of  a little  extractive  matter, 
and  of  the  small  portion  of  saline  matter  contained  in  the 
•whey.  This  matter  consists  of  muriates  of  lime,  potash, 
and  soda,  and  phosphates  of  lime,  magnesia,  and  iron. 

The  union  of  the  saccharine  and  oily  matter  of  milk, 
with  the  more  animalized  product,  the  cheese,  render  it  a 
fluid  at  once  nutritive  and  easy  of  digestion,  and  the  pre- 
sence of  the  phosphoric  acid  with  the  lime  and  iron 
adapt  it  to  the  formation  of  blood. 


Sect.  IV. — Of  Lymph. — Of  Mucus. 

Lymph  is  a pellucid  fluid  taken  up  by  the  absorbents 
from  the  internal  surfaces,  or  conveyed  from  the  extremi- 
ties of  the  arterial  branches,  and  appears  to  be  analogous 
to  the  serum  of  the  blood.  It  is  slightly  viscid,  is  miscible 
with  water,  and  coagulated  by  heat,  by  acids,  and  by 
alkohol. 

The  mucus,  which  covers  the  passages  and  internal  ca- 
vities of  the  body,  appears  to  be  the  lymph  in  an  inspis- 
sated state,  its  watery  portion  having  been  absorbed.  The 
term  Mucus  lias  been  used,  however,  in  a more  appro- 


46^ 


OF  MUCUS. 


priate  sense,  to  denote  a principle  existing  in  the  fluid 
■which  has  usually  received  that  name,  as  well  as  in  other 
animal  fluids.  The  characters  assigned  to  it  are  solubility 
in  water,  its  solution  neither  coagulating  nor  becoming 
gelatinous  when  heated ; but  by  evaporation  it  can  be  ob- 
tained solid,  and  be  again  dissolved.  It  is  not  precipitated 
b\  tannin,  or  by  corrosive  muriate  of  mercury,  but  gives 
a copious  white  precipitate  with  Goulard’s  extract.  It  is 
insoluble  in  alkohol. 

This  principle  appears  to  form  the  mucus  of  the  ncs- 
trils, — a fluid  which,  as  it  is  first  secreted,  is  liquid  and 
clear,  but,  from  exposure  to  the  air,  becomes  thick  and 
viscid ; and,  by  the  continued  action  of  oxygen,  becomes 
nearly  concrete,  a change  that  is  at  once  produced  in  it  by 
oxy-muriatic  acid.  In  this  state  it  is  not  soluble  in  Water, 
nor  easily  diffused  in  it  j the  acids  thicken  it,  but  in  larger 
quantity  re-dissolve  it.  The  alkalis  do  not  exert  on  it  any 
Solvent  power.  It  contains  a quantity  of  saline  matter, 
principally  muriate  and  carbonate  of  soda,  and  phosphates 
of  soda  and  lime. 

The  liquid  which  forms  the  tears,  Fourcroy  and  Vau- 
quelin  have  observed,  is  nearly  the  same,  and,  like  it, 
contains  carbonate  of  soda,  so  as  to  change  the  colour  of 
violet  to  green,  with  muriate  of  soda,  phosphate  of  soda, 
and  phosphate  of  lime.  The  latter,  when  it  accumulates, 
forms  the  basis  of  the  concretions  sometimes  found  in  the 
lacrymal  glands. 
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Sect.  V.— Of  the  Saliva , and  the  Pancreatic  Fluid. 

The  Saliva,  or  liquor  secreted  by  the  salivary  glands, 
and  designed  to  facilitate  the  mastication  of  the  food,  is 
slightly  viscid,  and  has  a taste  very  slightly  saline ; it  doe? 
not  mix  uniformly  with  water  ; exposed  to  the  air,  it  be- 
comes more  thick  and  turbid.  When  the  liquid,  foimed 
by  triturating  it  with  water,  is  exposed  to  heat,  it  is  slight- 
ly coagulated,  and  it  suffers  the  same  change  from  alkohol, 
and  the  stronger  acids,  denoting  the  presence  ot  albumen. 
The  fixed  alkalis  dissolve  it,  and  disengage  a small  quantity 
of  ammonia,  by  decomposing  the  ammoniacal  salts  it  con- 
tains. Lime-water  throws  down  from  it  a precipitate  oi  phos- 
phate of  lime,  and  oxalic  acid  detects  lime  in  its  composition 
Acetate  of  lead,  and  other  metallic  salts,  produce  a cor 
pious  precipitate  from  their  action  partly  on  the  mucus, 
partly  on  the  saline  matter  it  contains.  Evaporated  by 
a gentle  heat,  it  affords  crystals  of  muriate  of  soda,  and 
crystals  similar  to  those  of  muriate  of  ammonia;  and 
when  decomposed  by  heat,  its  residual  charcoal  yields, 
by  incineration,  muriate  ol  soda,  phosphate  of  soda,  and 
phosphate  of  lime. 

The  concretions  which  sometimes  lorm  in  the  salivary 
glands,  consist  of  phosphate  of  lime  with  animal  matter, 
probably  inspissated  mucus,  or  albumen.  I he  incrusta- 
tion which  forms  on  die  teeth,  is  of  a similar  nature. 

The  liquor  secreted  by  the  Pancreas,  and  apparently 
designed,  like  it,  to  facilitate  the  changes  which  the  food 
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is  to  undergo,  is  similar,  in  its  sensible  qualities,  to  saliva  ; 
and,  on  evaporation,  affords,  like  it,  crystals  of  muriate 
of  soda,  and  a colourless  mucus,  partially  soluble  again  in 
water.  It  is  colourless,  and  has  a taste  slightly  saline. 


Sect.  VI. — Of  the  Gastric  Fluid. 

The  liquid  secreted  by  the  glands  of  the  stomach,  and 
subservient  to  the  process  of  digestion,  operates  probably 
by  its  chemical  agency ; and  hence  the  importance  ol  the  in- 
vestigation of  its  properties; — an  investigation  rendered  dif- 
ficult, however,  from  the  difficulty  of  obtaining  it  pure  in  any 
considerable  quantity.  Spallanzani,  by  whom  the  operation 
of  the  gastric  fluid,  as  connected  with  the  process  of  diges- 
tion, has  been  laboriously  investigated,  observed  that  this 
fluid,  whether  procured  from  the  stomach  of  gramenivo- 
l’ous  or  carnivorous  animals,  appeared  to  be  the  same  in 
physical  qualities.  If  unmixed  with  any  ol  the  food,  it 
was  clear,  its  taste  was  slightly  saline  *,  it  gave  no  indica- 
tion of  acidity,  except  sometimes  when  obtained  from  ani- 
mals feeding  on  vegetable  food,  from  changes  in  which,  the 
acid  was  probably  derived.  Neither  was  it  sensibly  alka- 
line. On  adding  nitrate  of  silver,  it  gave  a precipitate  of 
muriate  of  silver.  Vauquelin  found  in  it  phosphates,  and 
free  phosphoric  acid,  and  a small  quantity  of  albumen  was 
separated  from  it  by  the  action  of  acids.  Spallanzani 
observed,  that  it  is  liable  to  putrefaction,  that  it  piesu  vts 
other  substances  from  becoming  soon  putrid,  and  even  ic- 
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stores  the  sweetness  of  animal  matter  which  had  become 
putrid, — observations  to  a certain  extent  confirmed  by 
Stevens,  though  Vauquelin  observed  that  the  gastric  fluid 
which  he  examined  became  corrupted  in  a few  days. 

The  most  remarkable  property  of  this  fluid,  and  one 
which  must  be  regarded  as  depending  on  its  chemical  a- 
gency,  is  the  solvent  power  which  it  exerts  on  the  lood. 
Reaumur  observed,  that  if  the  food  on  which  an  animal  na- 
turally subsists  be  inclosed  in  metallic  tubes,  so  as  to  protect 
it  from  any  muscular  action  of  the  stomach  on  it,  but  pei-1 
forated  so  as  to  admit  of  the  action  of  the  gastric  fluid,  it 
is  dissolved,  in  those  animals  particularly  who  have  a 
membranous  stomach,  and  live  on  flesh  •,  but  in  those  who 
have  a muscular  stomach,  susceptible  of  strong  contrac- 
tion, the  solution  was  much  less  complete,  or  even  fre- 
quently scarcely  effected.  This  obviously  might  arise  from 
the  trituration  produced  in  the  food  by  the  muscular  ac- 
qP  the  stomach  in  those  animals,  facilitating  the  solvent 
action  of  the  gastric  fluid  ; and,  accordingly,  Spallanzani 
found,  that  when  the  food  was  previously  bruised,  and  in- 
troduced into  the  stomach  inclosed  in  tubes,  it  was  dis- 
solved. The  solvent  power,  however,  he  found  to  be- 
exerted  in  a much  shorter  time  in  those  animals  who  have 
a membranous,  than  in  those  who  have  a muscular  sto- 
mach •,  and  in  some  of  the  former  this  power  is  very  great, 
the  hardest  bone,  for  example,  inclosed  in  a tube,  being 
speedily  dissolved  in  the  stomach  of  the  eagle,  or  of  the 
dog.  He  likewise  found,  that  the  same  solvent  power  wan 
exerted  by  the  gastric  fluid  out  of  the  body,  at  a tempera- 
ture not  higher  than  that  of  the  animal  system.  Hit 
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experiments  are  confirmed,  in  general,  by  those  of  Ste- 
vens. The  only  discordance  is,  that  Stevens  found 
those  kinds  of  food  on  which  animals  do  not  naturally 
subsist,  are  not  dissolved  by  the  gastric  fluid  of  their  sto- 
mach ; while  Spallanzani  found,  that  in  animals  who 
feed  naturally  on  flesh,  grain  previously  bruised  is  dis- 
solved, and  in  those  who  feed  on  grain,  flesh  undergoes 
solution.  The  animals,  however,  on  whom  he  made  these 
experiments,  do  not  appear  to  be  naturally  much  limited 
with  regard  to  the  food  on  which  they  subsist ; and  some 
animals,  birds  of  prey  for  example,  Spallanzani  admits, 
were  incapable  of  digesting  vegetables.  It  appears  on  the 
whole,  therefore,  that  the  solvent  power  of  the  gastric 
fluid  is  in  a great  measure  exerted  only  on  the  food  natu- 
ral to  the  animal  5 though  in  many  species  the  stomach  ap- 
pears to  be  capable  of  adapting  itself,  to  a considerable 
extent,  to  the  substance  which  it  receives,  so  that  an  en- 
tire change  can  at  length  be  effected  in  the  habits  of  many 
animals,  with  regard  to  the  food  on  which  they  can  sub- 
sist. In  those  who  feed  both  on  animal  and  vegetable  sub- 
stances, both  are  dissolved  by  the  gastric  fluid. 

The  solvent  power  of  this  fluid  is  very  well  shewn  in  its 
action  on  the  stomach  itself,  which,  in  carnivorous  animals 
especially,  who  die  suddenly,  and  in  a state  of  vigour,  is 
sometimes  found,  a few  hours  after  death,  to  be  partially 
dissolved  in  its  depending  part, — a fact,  too,  which  well 
shews  how  far  the  presence  of  vitality  suspends  the  usual 
laws  of  chemical  action,  since  it  protects  the  stomach  from 
the  action  of  a liquid  thus  capable  of  dissolving  it*  Ste- 
vens, however,  has,  from  some  observations,  supposed 
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that  this  is  to  be  received  with  some  limitation,  and  that 
animals,  even  when  alive,  are  in  some  cases  subject  to  the 
powers  of  digestion. 

These  properties  of  the  gastric  fluid  cannot  be  traced  to 
any  obvious  chemical  property  of  which  it  is  possessed,  or 
to  the  known,  or  even  the  probable  agency  of  any  piin- 
ciple  which  it  contains,  and  are  therefore,  with  legal d to 
our  knowledge  of  it,  altogether  anomalous. 


Sect.  VII.— Of  Bile , and  Biliary  Calculi. 

Bit.e,  the  liquor  secreted  by  the  liver,  is  probably  in 
part  excrementitious,  and  in  part  designed  to  promote 
the  process  of  digestion,  or  rather  of  chylification,  no 
traces  of  chyle  being  discoverable  in  the  digested  lood,  un- 
til after  its  intermixture  with  the  bile.  It  has  the  singu- 
larity of  being  secreted  from  venous  blood,  and  with  this 
is  probably  connected  its  peculiar  composition,  in  which 
carbon  and  nitrogen  appear  to  predominate.  It  has  even 
been  supposed  to  convey  the  excess  of  these  principles 
from  the  system,  and  its  secretion  therefore  has  been  con- 
sidered as  subservient  to  the  process  of  respiration. 

As  first  secreted,  it.  is  liquid,  and  in  this  state  it  in  part 
flows  into  the  intestinal  canal.  A portion  of  it  is. received 
into  the  reservoir  named  the  Gall  Bladder,  in  which  if 
suffers  a degree  of  inspissation  ; and  it  is  this  Cystic  Bile, 
as  it  has  been  named,  which  has  been  usually  submitted  to 
chemical  examination.  It  is  thick,  and  of  a specific  gra- 
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vity  greater  than  that  of  water ; its  colour  is  greenish-yel- 
low ; its  odour  faint ; its  taste  intensely  bitter.  It  suffers. 
In  a short  time,  spontaneous  decomposition,  and  acquires 
an  offensive  odour. 

Bile,  evaporated  by  a gentle  heat,  affords  a large  quan- 
tity of  water,  having  its  smell,  but  not  its  taste.  The  re- 
sidual matter,  Extract  of  Bile  as  it  is  named,  is  thick,  of 
ti  dark-brown  colour,  deliquescent,  and  soluble  in  water. 
It  cannot  be  rendered  concrete  without  decomposition, 
and  when  decomposed  by  heat,  affords  a liquid  brown  and 
fetid,  sulphuretted  hydrogen,  carbonate  and  acetate  of  am- 
monia, empyreumatic  oil,  and  carburetted  hydrogen, 
with  carbonic  acid  ; its  residual  cliarcohl  affording  much 
carbonate  of  soda. 

Bile  is  soluble  in  water  in  every  proportion,  and  its  so- 
lution changes  the  colour  of  violet  to  a green,  indicating- 
tile  presence  of  a free  alkali. 

It  is  decomposed  by  the  acids,  a precipitate  being  thrown 
down  of  a greenish  colour,  and  the  bitter  and  inflammable 
matter  of  the  bile  remaining  in  solution.  Alkohol  pro- 
duces a similar  effect  more  completely,  and  affords  the 
most  direct  mode  of  separating  the  proximate  principles  of 
this  fluid.  The  coagulum  which  it  forms,  when  collected 
on  a filtre  and  washed,  is  a white  viscid  substance,  having 
scarcely  any  bitterness,  very  putrescible,  and  approaching 
very  nearly  in  its  properties  to  albumen.  The  same  sub- 
stance is  separated,  though  less  perfectly,  by  heat.  The 
filtered  liquor  retains  the  colour  and  the  bitterness  of  the 
bile.  By  evaporation,  it  affords  a concrete  substance,  in- 
flammable, fusible  at  120,  soluble  in  alkohol,  and  preci- 
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pitated  from  this  solation  by  the  affusion  of  water.  From 
these  properties  it  has  been  named  the  Resfn  of  the  Bile, 
and  is  evidently  the  principle  in  which  its  chief  properties 
reside.  The  solution  contains,  likewise,  a portion  of 
soda  j and  this  soda  is  equally  discovered  in  the  coagula- 
tion of  bile  by  acids,  the  salt  which  soda  forms  with  the 
acid  employed  in  the  experiment  remaining  in  the  liquor 
from  which  the  albumen  has  been  precipitated. 

Besides  these  principles,  there  exists  in  bile  a species  of 
saccharine  matter,  approaching  in  its  properties  to  Su- 
gar of  Milk.  Cadet  obtained  it  by  the  simple  process  of 
decomposing  bile  by  muriatic  acid,  and  evaporating  the 
residual  filtered  liquor,  so  as  to  cause  it  to  crystallize. 
Along  with  crystals  of  muriate  of  soda,  crystals  of  a dif- 
ferent form  of  this  peculiar  matter  were  obtained.  The- 
nard  having  obtained  it  by  a more  complicated  process,  in 
what  he  supposes  to  be  a state  of  greater  purity,  found  it 
to  be  soluble  in  water  and  in  alkohol ; it  does  not  ferment 
with  yeast,  gives  no  ammonia  by  distillation,  and  - is  not 
affected  by  infusion  of  galls.  It  contributes,  he  supposes, 
with  the  portion  of  soda  which  bile  contains,  to  the  solution 
of  the  resinous  matter ; these  three  principles  forming  a 
ternary  compound,  which,  with  a little  albumen  and  some 
saline  matter,  constitute  bile.  The  salts  are  muriate,  sul- 
phate, and  phosphate  of  soda,  and  phosphate  of  lime,  with 
u little  oxide  of  iron.  The  proportion  of  resinous  matter  in 
1000  parts  is,  according  to  Thcnard’s  analysis,  about  43, 
of  saccharine  matter  4 1 , of  albumen  4,  soda  4,  of  the  a- 
bove  neutral  salts  5.5,  oxide  of  iron  0.5. 
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There  arc  often  found  in  the  receptacle  of  the  bile,  the 
gall-bladder,  concretions,  or  Biliary  Calculi.  These  are 
not  always  uniform.  Those  most  common  are  of  a la- 
in ellated  structure,  and  are  composed  of  a substance  ana- 
logous to  the  animal  fat,  named  Spermaceti,  or  rather  to 
the  substance  which  has  been  named  Adipocire,  and  of 
which  spermaceti  is  a variety.  This  matter  is  fusible  by 
heat ; it  is  soluble  in  alkohol,  when  a boiling  heat  is  ap- 
plied, but  precipitates  in  brilliant  scales  as  the  solution 
cools  : It  is  also  soluble  in  ether,  when  heat  is  applied ; 
and  potash  and  soda  dissolye  it,  forming  a kind  of  sapo- 
naceous compound.  It  forms  the  substance  of  the  biliary 
calculi,  in  which  it  exists,  disposed  usually  in  crystalline 
lamina?,  more  or  less  mixed  with  a yellowish  or  greenish 
matter,  which  is  probably  inspissated  bile ; in  some  this 
matter  predominates,  so  that  the  adipocire  is  discovered 
only  by  its  deposition,  when  the  concretion  has  been  dis- 
solved in  boiling  alkohol.  And  sometimes  the  calculus 
consists  of  alternate  layers,  formed  of  mixtures  of  these  in 
different  proportions. 


Sect.  VIII. — Of  Urine,  Urec , Uric  Acid , Urinary  Calculi. 

The  fluid  secreted  from  the  kidneys,  contains  more  sa- 
line substances  than  any  other  secreted  fluid ; these  it  is 
probably  designed  to  convey  from  the  system : there  is 
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also  dissolved  in  it  an  animal  principle,  which  gives  to  it 
peculiar  characters. 

When  newly  secreted,  its  colour  is  pale,  its  odour  pe- 
culiar, but  not  fetid ; it  is  transparent,  but  usually  becomes 
turbid  as  it  cools.  It  is  sensibly  acid,  reddening  the  in- 
fusion of  litmus.  But,  from  the  spontaneous  changes  it 
suffers  producing  ammonia,  this  acidity  is  soon  neutralized, 
and  it  even  becomes  alkaline.  These  changes  continue  to 
proceed,  mucous  flakes  are  precipitated,  the  ammoniacal 
odour  becomes  strong  and  fetid,  and  the  whole  of  the  ani- 
mal matter  is  at  length  decomposed,  being  converted  prin- 
cipally into  ammonia,  combined  with  carbonic  and  acetic 
acids. 

When  urine  is  exposed  to  a gentle  heat,  its  watery  por- 
tion is  dissipated,  and  with  this  carbonate  of  ammonia'  is 
formed  and  disengaged,  the  quantity  increasing  as  the 
temperature  rises.  The  liquid  becomes  turbid  and  deep- 
coloured  •,  and  when  it  is  reduced  to  the  consistence  of  thin 
syrup,  it  passes,  on  cooling,  to  the  state  of  a confusedly 
crystallized  mass;  a liquor  remains,  very  dark-coloured, 
holding  the  peculiar  animal  matter  of  urine  dissolved. 

The  free  acid  existing  in  urine  newly  discharged,  is 
principally  the  peculiar  acid  named  Lithic  or  Uric  Acid  ; 
it  is  often  so  abundant,  as  to  be  in  part  deposited,  form- 
ing the  reddish  sediment  deposited  as  urine  cools  ; with 
this  there  is  generally  present  a portion  of  phosphoric  acid, 
and,  as  Thenard  states,  of  acetic  acid.  A small  quantity 
of  benzoic  acid  is  also  often  present,  particularly  in  the 
urine  of  children,  and  of  gramcnivorous  animals,  in  which 
case  the  uric  and  phosphoric  acids  are  usually  deficient. 
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All  these  acids,  by  the  generation  of  ammonia,  are  spee- 
dily neutralized,  and  exist  in  the  state  of  the  salts  which 
they  form  with  that  alkali,  together  with  carbonate  and 
acetate  of  ammonia,  formed  by  the  spontaneous  decom- 
position of  the  urine. 

Besides  these,  several  neutral  salts  exist  in  urine.  These 
arc  obtained  by  evaporation  in  a crystallized  state,  forming 
a saline  matter,  named  by  the  older  chemists  Microcosmic 
Salt.  This  consists  of  a number  of  salts,  phosphate  of 
soda,  phosphate  of  ammonia,  phosphate  of  magnesia, 
phosphate  of  lime,  muriate  of  soda,  muriate  of  potash, 
muriate  of  ammonia,  and  the  triple  compounds  of  phos- 
phate of  soda  and  ammonia,  and  phosphate  of  magnesia 
and  ammonia.  These  exert  mutual  affinities,  which  modi- 
fy their  properties,  and  render  their  entire  separation  dif- 
ficult. They  probably  do  not  all  pre-exist  in  the  urine  ; 
those  in  particular  which  contain  ammonia,  derive  a por- 
tion of  it  at  least  from  what  is  formed  by  the  combination 
of  its  elements  during  the  evaporation.  The  quantities  of 
them  are  of  course  liable  to  be  varied  according  to  the  state 
of  the  secretion,  and  the  time  during  which  the  urine  has 
remained  in  the  bladder.  According  to  Mr  Cruickshank’s 
experiments,  36  ounces  of  urine  yield  an  evaporation  from 
one  ounce  to  one  ounce  and  a half  of  solid  matter,  con- 
sisting, on  an  average,  of  muriates  one  drachm,  of  phos- 
phates nearly  four  drachms,  uric  acid  and  super-phos- 
phate of  lime  twenty-five  grains,  animal  matter  three 
drachms  and  forty  grains. 

When  the  entire  matter  obtained  by  the  evaporation  of 
urine  is  urged  by  a strong  heat,  it  affords  a large  quantity 
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of  carbonate  of  ammonia,  accompanied  with  a fetid  oil, 
and  with  elastic  products.  Muriate  of  ammonia  is  sublim- 
ed, and  towards  the  end  of  the  distillation,  a small  por- 
tion of  phosphorus  disengaged  from  the  decomposition  of 
the  phosphoric  salts  is  volatilized. 

The  action  of  re-agents  on  urine  affords  some  informa- 
tion with  regard  to  the  principles  it  contains,  which  ren- 
ders its  analysis  more  perfect,  1 he  acids  have  not  much 
effect  on  it  in  its  healthy  state  •,  they  sometimes  coagulate 
or  render  it  milky,  an  effect  indicating  the  presence  of  al- 
bumen, from  a morbid  state  of  the  secretion.  Oxalic  acid 
gives  a precipitate  by  combining  with  the  lime  it  contains. 
If  much  loaded  with  the  animal  matter  named  Uree,  nitric 
acid  throws  down  a scaly  pearly  precipitate.  The  fixed 
alkalis  precipitate  phosphate  of  lime ; the  solutions  of  lime, 
barytes,  and  strontites,  or  of  any  of  their  soluble  salts, 
produce  more  copious  precipitates,  as  they  decompose  all 
its  phosphoric  salts,  and  form  with  the  phosphoric  acid 
insoluble  compounds.  The  nitrates  of  silver,  and  of  lead, 
form  precipitates,  from  tlie  metallic  oxide  combining  both 
with  the  muriatic  and  phosphoric  acids  of  urine.  Infu- 
sion of  tannin  generally  occasions  a cloudiness  in  urine,  in- 
dicating the  presence  of  a little  gelatin,  and  in  some  mor- 
bid affections,  produces  even  a copious  precipitate. 

Besides  the  saline  substances  contained  in  urine,  there 
exists  in  it  a peculiar  principle,  which  giving  it  some  of  its 
most  characteristic  properties,  has  been  named  UneE.  It 
remains  in  a great  measure  in  solution,  when  the  saline 
matter  has  been  separated  by  crystallization  ; and  some  ol 
hs  properties  had  been  observed  by  Houclle.  His  obser- 
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vations  had  been  neglected  until  its  existence  and  proper- 
ties had  been  again  pointed  out  by  Mr  Gruickshank,  who 
gave  the  process  for  obtaining  it  in  its  crystallized  form, 
by  the  action  of  diluted  nitrous  acid  on  the  extractive  mat- 
ter of  urine.  Fourcroy  and  Vauquelin  observed  its  pro- 
duction in  the  same  experiment,  and  they  gave  also  an- 
other process,  by  which  it  is  more  directly  obtained,  and 
without  any  ground  for  the  suspicion  that  it  is  formed  in 
the  process.  To  the  crystallized  mass  obtained  by  the 
evaporation  of  urine,  there  are  added  four  times  its  weight 
of  alkohol  in  successive  portions,  heating  them  gently. 
The  solution  contains  the  uree  ; it  is  distilled  until  of  the 
consistence  of  syrup ; and  in  cooling,  this  deposites  the 
uree  crystallized  in  quadrangular  plates  of  a brilliant  yel- 
lowish-white colour. 

This  substance  exhales  a strong  urinous  odour  *,  it  has 
a smooth  greasy  feel,  attracts  humidity  from  the  air,  and 
becomes  liquid ; dissolves  readily  in  water,  and  dissolves 
also,  though  more  sparingly,  in  alkohol ; if  its  solution  has 
been  made  with  tire  aid  of  heat,  it  crystallizes  on  cooling. 
So  susceptible  is  it  of  decomposition  from  the  re-action  of  its 
principles,  that  its  wratery  solution  passes  quickly  into  a kind 
of  fermentation,  analogous  to  the  acetous,  a disengagement 
of  carbonic  acid  gas  takes  place,  and  acetic  acid  with  a 
portion  of  ammonia  are  formed.  If  tire  solution  is  sub- 
mitted to  distillation,  the  uree,  by  adding  fresh  quantities 
of  water,  and  repeating  the  distillation,  is  almost  entirely 
converted  into  carbonate  of  ammonia.  If  the  solid  uree 
be  exposed  to  heat,  it  melts  quickly,  carbonate  of  ammo- 
nia sublimes,  and  this  continues  without  any  condensation 
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of  water,  or  production  of  cmpyreumatic  oil,  farther  than, 
a minute  portion  that  tinges  the  salt  brown,  and  gives  it  a 
fetid  odour.  The  carbonaceous  residuum,  after  it  has 
been  urged  by  a strong  fire,  gives  by  lixiviation  a liquor 
containing  prussic  acid,  and  when  burnt  in  the  open  file, 
yields  a saline  matter,  principally  carbonate  of  soda.  Car- 
buretted  hydrogen,  carbonic  acid,  and  nitrogen  gas,  are 
disengaged.  During  this  decomposition,  uiee  is  thus  by 
the  new  combinations  established  among  its  principles  by 
an  elevated  temperature,  converted  almost  entirely  into 
carbonate  of  ammonia ; these  elements  must  of  course  be 
carbon,  oxygen,  nitrogen,  and  hydrogen  •,  the  proportions 
it  can  scarcely  be  possible  to  estimate  with  any  precision. 

The  acids  act  peculiarly  on  uree.  Sulphuric  acid  dilut- 
ed decomposes  it  when  aided  by  heat,  forming  from  its 
elements  a portion  of  oil,  acetic  acid,  and  ammonia,  and 
precipitating  charcoal.  Nitric  acid,  paiting  with  oxjgen 
so  readily,  might  be  expected  to  decompose  rapidly  a sub- 
stance so  susceptible  of  decomposition  •,  yet  what  is  singu- 
lar, it  appears  rather  merely  to  combine  with  it.  When 
the  acid  is  added  to  a strong  solution  of  it,  there  is  an 
instant  deposition  of  crystalline  scales,  white  and  brilliant, 
which  augments  rapidly;  this,  when  heated  gently,  sof- 
tens and  melts,  an  effervescence  takes  place,  and  it  is 
converted  principally  into  nitrate  of  ammonia.  Hence 
Fourcroy  and  Vauquelin  concluded,  that  it  is  a compound 
of  nitric  acid  and  uree.  If  heat  is  applied,  however,  to  fa- 
vour the  action  of  the  acid,  or  if  the  strong  acid  is  pour- 
ed on  concrete  uree,  decomposition  takes  place,  nitric, 
oxide,  nitrogen,  and  carbonic  acid  gases  are  disengaged, 


i74 


OF  URINE. 


with  prussic  acid  ; and  a white  or  yellowish  concrete  mat- 
ter remains,  consisting  principally  of  nitrate  of  ammonia. 
Muriatic  acid  has  little  effect  on  uree,  precipitating  it 
only  from  its  solution  in  alkohol  in  brown  flocculi ; oxy-mu- 
riatic  acid  decomposes  it,  disengaging  nitrogen  and  car- 
bonic acid  gases,  and  forming  a concrete  oily  matter.  The 
results  of  all  these  decompositions  prove  the  predominance 
of  nitrogen  in  the  composition  of  this  principle. 

The  alkalis  dissolve  uree ; the  fixed  alkalis  at  the  same 
time  cause  an  evolution  of  ammonia,  partly  from  the  de- 
composition of  ammoniacal  salts  mixed  with  it,  and  part- 
ly from  the  decomposition  of  the  uree  itself ; carbonic  acid 
and  acetic  acid  are  at  the  same  time  formed,  and  a con- 
crete oily  matter  is  separated. 

Uree  so  far  modifies  the  properties  of  a number  of  the 
neutral  salts,  as  to  cause  them  to  crystallize,  under  a form 
different  from  that  which  their  crystals  usually  assume.  Its 
solution  decomposes  several  of  the  metallic  salts.  Tannin 
changes  the  colour  of  its  solution,  but  does  not  form  with 
it  any  precipitate. 

The  tendency  of  this  principle  to.  pass  to  the  state  of 
ammonia,  is  probably  occasionally  the  cause  of  morbid 
changes  in  the  urine,  and  perhaps  gives  rise  to  the  for- 
mation of  urinary  calculi,  by  neutralizing  the  acid  which 
holds  some  of  the  substances  usually  contained  in  the 
urine  dissolved.  The  predominance  of  nitrogen  in  its 
composition  is  a singular  fact,  and  proves  the  develope- 
ment  of  this  clement  by  the  processes  of  fhe  animal  sys- 
tem, since  its  excess  is  thus  discharged  by  an  cxcrementH 
tious  fluid. 
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Uric  Acid  is  a substance  peculiar  to  urine  and  urinary 
calculi,  and  with  these  therefore  its  history  is  best  con- 
nected. 

Scheele  discovered  this  acid  as  the  principal  ingredient 
of  urinary  calculi ; he  found,  too,  that  it  is  always  contain- 
ed in  urine,  forming  the  reddish-coloured  sediment  which 
it  often  deposites.  From  forming  the  basis  of  stone  of  the 
bladder,  it  received  the  name  of  Lithic  Acid  ; as  a com- 
mon ingredient  in  urine,  it  is  named  Uric  Acid. 

It  is  difficult  to  procure  it  pure.  The  process  given'  by 
Ur  Henry  is  to  dissolve  a calculus  composed  of  it  in  a so- 
lution of  potash  ; this  solution  is  decomposed  by  muriatic 
or  acetic  acid  *,  the  uric  acid  is  precipitated,  and  is  washed 
repeatedly  with  distilled  water,  a few  drops  of  liquid  am- 
monia having  been  added  to  the  first  portion  of  water,  .to 
remove  more  completely  any  foreign  matter  from  the  acid. 
It  is  thus  obtained  in  the  state  of  a white  powder,  rough 
to  the  touch,  and  tasteless.  It  is  so  sparingly  soluble  in 
water,  as  to  require  nearly  2000  times  its  weight  at 
60°  to  dissolve  it ; at  212°  it  is  soluble  in  little  more  than 
1000  parts,  and  this  solution,  on  cooling,  deposites  minute 
pellucid  crystals.  It  reddens  infusion  of  litmus,  decom- 
poses soap,  and  precipitates  the  alkaline  sulphurets, — pro- 
perties sufficient  to  characterize  it  as  an  acid,  though  some 
chemists  have  been  inclined  to  rank  it  as  an  oxide.  It  is 
so  weakly  acid  as  to  be  incapable  of  decomposing  the  alka- 
line carbonates,  nor  is  it  dissolved  by  their  solutions. 

Uric  acid  combines  with  the  alkalis  and  earths,  form- 
ing compounds  in  general  of  sparing  solubility,  tasteless, 
and  scarcely  to  be  distinguished  in  external  appearance 
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from  the  acid  itself.  The  urate  of  ammonia  is  most  sat- 
iable, and  even  of  it  an  ounce  of  distilled  water  does  not 
dissolve  more  than  2 or  3 grains  at  60°  ; next  to  it  in  so- 
lubility is  the  urate  of  potash.  The  alkaline  urates  become- 
more  soluble  with  an  excess  of  base ; and  hence  they  are 
dissolved  by  boiling  in  an  alkaline  solution.  These  com- 
pounds, whether  neutral  or  with  an  excess  of  base,  are 
decomposed  by  all  the  acids,  even  the  weakest,  as  the 
carbonic  or  prussic ; they  are  decomposed,  too,  by  almost 
all  the  neutral  salts. 

Uric  acid  is  decomposed  by  the  mineral  acids  •,  sulphu- 
ric acid  chars  it.  Nitric  acid  has  a singular  elfect  upon 
it,  affording  a test  which  serves  to  distinguish  it.  It  pro- 
duces with  it,  when  not  added  in  excess,  a red  colour ; 
this  is  deep  when  the  mixture  is  concrete  ; it  is  also  com- 
municated to  water  in  solution,  but  is  destroyed  both  by 
alkalis  and  by  acids.  When  nitric  acid  is  repeatedly  dis- 
tilled from  uric  acid,  it  decomposes  it,  carbonic  acid  and 
nitrogen  gases  are  disengaged,  and  prussic  acid  and  ni- 
trate of  ammonia  formed.  Muriatic  acid  has  little  effect 
on  uric  acid  ; oxy-muriatic  acid  decomposes  it,  producing 
principally  ammonia  and  carbonic  acid. 

Uric  acid  is  decomposed  by  heat,  affording  carbonate 
of  ammonia,  carbonic  acid,  carburetted  hydrogen,  prussic 
acid,  and  a peculiar  matter  which  sublimes  and  condenses 
in  a concrete  form.  This  substance  has  the  properties  of 
an  acid,  but  is  different  from  the  uric  acid.  Its  taste  is 
slightly  sour  and  bitter  ; it  is  much  more  soluble  in  water; 
it  is  volatilized  by  a moderate  heat  without  decomposition, 
and  it  does  not  give  a red  colour  with  nitric  acid.  It  is 
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sparingly  soluble  in  alk'ohol.  Its  solution  in  water  reddens 
infusion  of  litmus.  By  evaporation  it  affords  minute  crys- 
tals ; it  combines  with  the  alkalis,  and  is  not  precipitated 
from  these  solutions  by  the  acids  ; neither  does  it  precipi- 
tate the  earthy  salts.  In  some  of  its  properties  it  is  ana- 
logous to  succinic,  in  others  to  benzoic  acid  ; but  still  it 
differs  from  either,  and  from  every  known  acid.  W hen 
decomposed  by  the  application  of  a strong  heat,  it  affords 
products  similar  to  those  from  the  decomposition  of  uric 
acid,  and  is  no  doubt  formed  from  an  alteration  in  the 
state  of  combination  of  these  elements,  produced  by  the 
heat  by  which  it  is  sublimed. 

The  composition  of  the  urine  varies  in  the  different  spe- 
cies of  animals.  In  those  who  feed  on  grass,  the  uric  acid 
is  wanting,  while  benzoic  acid  is  generally  present ; and 
this  is  also  frequently  the  case  in  the  urine  of  children. 
The  urine  of  the  horse,  cow,  and  camel,  contains  no 
phosphates,  but  muriates,  sulphates,  and  carbonates, 
with  uree. 

Urinary  Calculi  owe  their  formation  to  deposition 
from  the  urine,  or  morbid  changes  in  its  secretion  ; and 
the  investigation  of  their  chemical  constitution  and  pro- 
perties is  therefore  connected  with  its  history.  It  is  one 
of  much  importance,  from  its  relation  to  the  discovery  ol 
the  means  by  which  their  formation  may  lie  prevented,  or 
by  which  they  may  be  removed. 

These  concretions  are  not  uniform  ; they  differ  much  in 
their  physical  qualities,  and  it  has  been  discovered  that 
they  differ  not  less  in  their  chemical  nature.  The.  follow- 
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ing  substances  enter  into  tlieir  composition ; uric  acid, 
urate  of  ammonia,  phosphate  of  lime,  phosphate  of  am- 
monia and  magnesia,  oxalate  of  lime,  silex,  and  animal 
matter  ; these  substances  being  more  or  less  pure,  or  mix- 
ed, and  being  often  diversified  by  mechanical  structure, 
so  as  to  render  it  difficult  to  reduce  these  concretions  to 
well-defined  species. 

Dr  Wollaston  has  reduced  them  to  four  species  ; Is/, 
that  composed  chiefly  of  uric  acid ; 2d,  what  has  been 
named  the  Fusible  Calculus,  composed  chiefly  of  phosphate 
of  ammonia  and  magnesia ; 3 d,  The  Mulberry  Calculus, 
as  it  has  been  named  by  surgeons,  consisting  of  oxalate 
and  phosphate  of  lime;  and,  4///,  The  Bone-Earth  Calcu- 
lus, formed  almost  entirely  of  phosphate  of  lime.  Four- 
croy  and  Vauquelin  have  given  a classification  more  mi- 
nute and  complicated,  but  not  strictly  chemical,  calculi 
being  admitted  as  species,  from  mere  differences  in  mecha- 
nical structure. 

Is/,  Uric  Acid  Calculus.  This  is  by  far  the  most  com- 
mon. These  calculi  are  of  a brown  or  yellowish  colour, 
smooth,  displaying  internally  a fibrous  or  radiated  struc- 
ture, and  often  in  fine  layers  of  different  shades,  rather 
soft  and  brittle,  with  a specific  gravity  from  1.276  to  1.786. 
They  are  not  melted  by  heat,  but  charred,  exhaling  an 
empyreumatic  odour.  They  are  insoluble  in  cold  water, 
but  dissolve  when  boiled  in  water.  Alkaline  solutions  dis- 
solve them  readily  in  the  cold,  and  a white  precipitate  is 
thrown  down  by  the  addition  of  an  acid.  Lime-water 
dissolves  them  more  sparingly.  Nitric  acid  produces  the 
red  colour  characteristic  of  uric  acid  ; the  other  acids  act 
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weakly  on  them.  In  many  the  uric  acid  is  nearly  pure,  in  . 
others  it  is  intermixed  with  other  ingredients.  A calculus 
has  been  supposed  to  exist  of  urate  of  ammonia;  but, 
from  Mr  Brande’s  observations,  the  ammonia  which  it  ex- 
hales under  certain  trials  arises  from  the  decomposition  of 
uree,  or  of  phosphate  of  ammonia.  It  is  less  sensibly 
striated,  and  its  colour  is  lighter  than  the  pure  uric  acid 
calculus  ; and  it  is  distinguished  by  the  chemical  character 
of  dissolving  in  alkaline  solutions,  and  exhaling  a smell  of 
ammonia,  two  properties  which  arc  not  found  together  in 
any  other  species. 

2d,  Calculus  of  Phosphate  of  Magnesia  and  Ammonia. 
Fusible  Calculus  of  Wollaston. — Phosphate  of  magnesia 
and  ammonia  seldom  forms  an  entire  calculus.  It  is  either, 
if  pure,  discharged  under  the  appearance  ol  a white  sand 
composed  of  minute  crystals,  or  it  is  intermixed  with  other 
ingredients,  particularly  with  uric  acid  and  phosphate  of 
lime,  and  frequently  forms  alternate  layers  of  these,  or 
covers  a nucleus  of  uric  acid.  It  is  distinguished  by  its 
softness  and  smoothness,  its  white  colour,  its  lamellatcd 
texture,  and  its  giving  a fine  powder  of  brilliant  white- 
ness. Before  the  flame  of  the  blowpipe  it  melts  into  a 
white  enamel ; is  charred  when  placed  on  burning  fuel, 
and  emits  an  ammoniacal  smell;  on  raising  the  heat  it 
melts.  It  dissolves  very  sparingly  in  boiling  water.  The 
acids,  even  those  that  are  weak,  dissolve  it  easily,  leaving 
any  animal  matter  mixed  with  it  undissolved.  The  fixed 
alkalis  disengage  its  ammonia,  combine  with  its  acid,  and 
precipitate  the  magnesia. 

2>d,  Calculus  of  Phosphate  of  Lime.  This  sometime* 
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composes  the  entire  substance  of  a concretion,  though 
more  frequently  it  is  mixed  either  with  uric  acid  or  with 
phosphate  of  magnesia  and  'ammonia,  or  disposed  with 
them  in  layers.  When  pure  or  little  intermixed,  the  con- 
cretion is  of  a pale  brown  colour,  and  so  smooth  as  to 
appear  polished ; its  texture  is  laminated.  It  dissolves 
slowly,  but  entirely,  in  muriatic  or  diluted  nitric  acid, 
and  it  is  little  affected  by  alkaline  solutions.  Before  the 
flame  of  the  blowpipe  it  is  at  first  charred,  but  soon  be- 
comes white ; and,  if  the  heat  be  raised  as  high  as  pos- 
sible, is  fused. 

4i th,  Calculus  of  Oxalate  of  Lime.  This  has  been  long 
known  by  the  name  of  Mulberry  Calculus,  from  its  colour 
and  its  rough  painted  surface.  Dr  Wollaston  shewed  that 
it  consists  chiefly  of  oxalate  of  lime,  with  animal  matter. 
It  is  of  a dark  brownish  or  purplish  colour  externally,  of- 
ten grey  within  ; its  surface  is  usually  uneven,  often  cover- 
ed with  protuberances : it  is  the  hardest  and  the  heaviest 
of  the  urinary  calculi.  It  is  also  less  affected  than  any  of 
them  by  the  usual  re-agents.  The  alkaline  solutions  do 
not  affect  it,  and  the  stronger  acids, — the  nitric  and  mu- 
riatic dissolve  it  only  with  great  difficulty.  The  solutions 
of  the  alkaline  carbonates  decompose  it,  precipitating  car- 
bonate of  lime.  It  is  also  decomposed  by  heat,  leaving, 
when  urged  by  a strong  lire,  pure  lime  amounting  to  about, 
one  third  of  its  weight. 

In  all  these  calculi,  besides  the  saline  matter  of  which 
they  chiefly  consist,  there  is  present  a portion  of  animal 
matter,  which  appears  to  give  them  colour  and  indura- 
tion; it  is  found  even  in  those  which  are  white  and  prys- 
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talllne  $ in  the  mulberry  calculus,  it  is  present  in  larger 
quantity  than  in  the  others.  According  to  Fourcroy  and 
Vauquelin,  it  is  analogous  to  albumen,  with  frequently  a 
mixture  of  uree.  The  ingredients  ot  calculi  are  often  also 
diversified  by  intermixture  in  layers  more  or  less  distinct. 
These  must  of  course  be  various,  and  as  their  production 
is  in  some  measure  accidental,  irregularly  arranged.  Those 
which  have  been  most  frequently  observed,  are  alterna- 
tions of  uric  acid  with  phosphate  of  magnesia  and  am- 
monia, or  phosphate  of  lime ; or  of  oxalate  of  lime  with 
the  uric  acid,  or  with  either  or  both  these  phosphates. 

An  important  subject  of  investigation,  arising  fiom  oui 
knowledge  of  the  nature  of  these  concretions,  is  that  re- 
lating to  the  practicability  of  their  solution,  and  the  means 
by  which  this  may  be  accomplished.  1 he  internal  admi- 
nistration of  alkalis,  with  this  view,  is  a practice  that 
has  long  been  had  recourse  to  ; and  it  has  been  sufficiently 
ascertained  that  the  urine  may  thus  receive,  to  a certain 
extent,  an  alkaline  impregnation,  and  that  from  this  con- 
siderable relief  is  obtained.  It  has  farther  been  supposed, 
that  with  regard  to  some  calculi,  at  least  those  in  which 
uric  acid  is  predominant,  and  which  are  by  far  the  most 
common,  a real  solvent  power  may  be  exerted  ; and  from 
the  continued  use  of  alkalis,  a solution  oi  the  calculus,  if 
it  is  of  a moderate  size,  may  be  obtained ; the  solution 
of  the  calculus  of  phosphate  of  ammonia  and  magnesia, 
and  that  of  phosphate  of  lime,  it  has  on  the  other  hand 
been  supposed,  might  be  effected  by  the  administration  of 
an  acid. 

So  far  as  relieving  the  pain  and  irritation  which  attend 
Vol.  II.  H h 
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stone  in  the  bladder,  the  advantage  derived  from  the  mo- 
derate use  of  alkaline  remedies  is  unquestionable.  But 
there  is  every  reason  to  doubt  of  the  practicability  of  em- 
ploying them  so  as  to  obtain  the  actual  solution  of  a calcu- 
lus ; the  degree  of  alkaline  impregnation  which  the  urine 
can  receive  is  so  inconsiderable,  and  the  irritation  pro- 
duced, both  in  the  stomach  and  bladder,  by  the  alkali  taken 
to  this  extent,  so  great,  that  its  use  cannot  be  continued 
foi  any  length  of  time.  Besides  this,  the  recent  observa- 
tions of  Mr  Brande  have  placed  in  a still  clearer  light 
the  impracticability  of  the  attempt ; for  in  rendering  the 
urine  alkaline,  so  as  to  enable  it  to  act  on  the  calcu- 
lus, there  is  the  risk  of  causing  the  deposition  of 
phosphate  of  ammonia  and  magnesia,  or  phosphate  of 
lune.  On  the  other  hand,  the  solution  of  a calculus  of 
either  of  these  could  not  be  attempted,  by  rendering  the 
urine  acid,  without  the  hazard  of  producing  a precipitate 
of  uric  acid  ; nor  is  it  probable  that  the  alternate  exhibi- 
tion of  these  could  be  so  adjusted  as  to  produce  any  bene- 
ficial effect.  All  that  is  practicable  probably  is,  the  giving 
the  alkali  so  far  as  to  render  the  urine  less  irritating,  and 
thus  alleviate  the  pain. 


Sect.  IX. — Of  the  Synovia. 

lins  name  is  given  to  the  liquor  found  within  the  cap- 
sular ligaments  of  the  joints,  the  motions  of  which  it  is 
evidently  designed  to  facilitate.  It  is  viscuyus,  of  a green- 


OF  THE  SYNOVIA. 


486 

#h  colour,  and  more  or  less  transparent : when  withdrawn 
from  che  capsule,  it  becomes  gelatinous  j alter  some  time, 
it  loses  this  consistence,  and  deposites  a fibrous  elastic 
matter.  It  mixes  easily  with  water,  rendering  it  viscuous. 
Acids  added  to  it  throw  down  a ilocculent  precipitate, 
without  diminishing  tne  viscosity  i but,  when  much  dilut- 
ed, they  remove  it,  the  liquor  becomes  thin  and  transpa- 
rent, and  a fibrous-like  substance  is  precipitated. 

'I  his  fibrous  matter  has  properties  analogous  both  to 
albumen  and  fibrin,  yet  still  it  differs  from  both,  it  is 
similar  to  the  gluten  of  wheat  in  colour,  taste,  and  odour, 
in  tenacity  and  elasticity  i it  is  soluble,  however,  by  agi- 
nation in  cold  water. 

There  remains,  after  its  precipitation,  a portion  of  al- 
bumen, which  may  be  separated  by  heat,  or  by  alkohol  j 
.and  when  this  is  withdrawn,  the  residual  liquor  gives  crys- 
tals of  muriate  of  soda  by  evaporation.  Its  residual  mat- 
ter, when  it  is  decomposed  by  heat,  gives  muriate  and 
carbonate  of  soda ; and  its  charcoal,  by  incineration,  af- 
fords phosphate  of  lime. 

Margueron,  by  whom  it  has  been  analysed,  concludes 
tliat  100  parts  of  synovia  contain  11.8  ol  fibrous  matter, 
4.5  of  albumen,  1.75  of  muriate  of  soda,  7 oi  carbonate  ol 

soda,  and  7 of  phosphate  of  lime. 

Arthritic  Concretions,  or  those  concretions  often  depo- 
sited in  the  joints  during  a paroxysm  of  the  gout,  are  pro- 
bably formed  by  the  medium  of  this  fluid.  Dr  Wollaston 
found  unexpectedly  that  they  consist  of  urate  ol  soda, 
they  had  been  supposed  to  be  phosphate  oi  lime, 
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Sect.  X.— Of  the  Amniotic  Fluid. 

-This  fluid,  with  which  the  foetus  is  surrounded  in  the 
amnios,  is  entitled  to  notice,  as  having  afforded  to  Vau- 
quelin  what  he  has  regarded  as  a new  acid.  The  amniotic 
liquor  oi  the  cow  is  that  which  he  examined ; it  is  slightly 
viscid,  has  a reddish  colour,  an  acid  and  bitter  taste,  and 
a faint  odour.  It  reddens  the  more  delicate  vegetable  co- 
lours. On  evaporation,  it  forms  brilliant  crystals,  colour- 
ed by  a little  animal  matter,  which  may  be  removed  by 
washing  with  a little  water,  and  crystallizing  again. 

These  crystals  are  the  Amniotic  Acid.  It  is  white  and 
biilliant,  has  a slightly  sour  taste,  reddens  infusion  of  lit- 
mus, is  sparingly  soluble  in  cold  water,  but  dissolves  more 
abundantly  in  hot  water.  It  is  also  soluble  in  alkohol. 
It  combines  with  the  acids,  forming  peculiar  salts,  which 
are  soluble.  It  does  not  decompose  the  alkaline  carbo- 
nates, unless  when  aided  by  heat ; nor  does  it  precipitate 
the  earthy  salts,  or  the  nitrates  of  silver  or  lead.  It  is 
decomposed  by  heat,  exhales  ammonia  and  prussic  acid, 
and  leaves  a bulky  charcoal. 

It  is  singular,  that  the  human  amniotic  fluid  contains 
none  ol  this  acid,  but  consists  oi  albumen  and  gelatin 
dissolved  in  water,  with  uuu.aLe  and  carbonate  of  sotifo 
and  phosphate  ot  hme. 
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Sect.  XI. — Of  the  humours  of  the  Eye. 

The  ball  of  the  eye  contains  three  fluids,— the  Aqueous 
Humour, in  the  anterior  chamber;  the  Crystalline  Humour, 
or  Lens,  in  the  central  space ; and  the  V itreous  Humour, 
occupying  the  space  behind  the  lens.  They  differ  in  then 
physical  properties,  but  little  in  their  chemical  nature. t 

ApuEous  Humour  is  a clear  transparent  liquid,  having 
little  smell  or  taste.  It  causes  little  change  in  the  vegetable 
colours  ; exposed  to  the  air  at  a moderate  warmth,  it  eva- 
porates, and  a coagulum  is  formed,  so  small  as  hardly  to 
be  perceptible.  Evaporated  to  dryness,  it  leaves  a matter 
weighing  not  more  than  8 per  cent,  of  the  original  liquor. 
Tannin  causes  a precipitate  in  the  fresh  humour,  both  be- 
fore and  after  it  has  been  boiled,  shewing  the  piesence  o. 
geiatin.  Nitrate  of  silver  causes  a precipitate,  which  is 
muriate  of  silver.  It  appears,  therefore,  that  the  aqueous 
humour  is  composed  of  vrater,  albumen,  gelatin,  and  a 
muriate,  the  basis  of  which  is  soda. 

Crystalline  Humour.  This  is  solid,  and  composed 
of  concentric  lamellae,  which  appear  to  become  more  dense 
towards  the  centre.  The  mean  specific  gravity  is  1.100. 
When  fresh,  it  is  neither  acid  nor  alkaline.  It  putrefies 
rapidly.  It  is  nearly  soluble  in  cold  water,  and  is  partly 
coagulated  by  heat.  Tannin  gives  an  abundant  piccipi- 
tate  *,  but  there  are  no  traces  of  muriatic  acid.  It  is  com- 
posed, therefore,  of  less  water  than  the  others,  but  of  a 
larger  proportion  of  albumen  and  gelatin,  and  also  a little 
phosphate  of  lime, 
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Vitreous  Humour.  This  being  pressed  through  linen,, 
to  free  it  from  its  capsules,  Mr  Chenevix  could  not,  in  that 
State,  by  all  the  experiments  he  made  on  it,  perceive  any 
difference  between  it  and  the  aqueous  humour,  either  in- 
specific  gravity,  or  in  its  chemical  nature. 


Sect.  XII. — Of  the  Skin , Cellular  Fibre,  and  Membrane.- 

The  soft  solids  enumerated  in  the  title  of  this  section, 
ire  closely  connected,  having  the  principle  named  Gela- 
tin principally  for  their  basis.  The  peculiar  character 
which  distinguishes  this,  is  that  of  dissolving  in  warm 
water,  and  forming-  with  it  a solution  which,  when  cold, 
is  of  a gelatinous  consistence,  more  or  less  firm  accord- 
ing to  the  proportion  of  water.  It  forms,  too,  an  inso- 
luble compound  with  tannin ; and  this  affords  a test  of 
great  delicacy,  by  which  it  is  discovered.  Corrosive  mu- 
riate of  mercury  does  not  precipitate  it,  by  which  it  is  dis- 
tinguished from  albumen.  The  acids  dissolve  it,  and  par- 
tially decompose  it ; nitric  acid  disengaging  nitrogen, 
though  not  in  large  quantity.  The  alkalis  also  dissolve  it : 
the  alkaline  earths  render  its  solution  turbid.  This  prin- 
ciple, decomposed  by  heat,  affords  the  usual  products  ob- 
tained from  the  decomposition  of  animal  matter.  It  is  the- 
one  most  susceptible  of  spontaneous  decomposition. 

The  Skin,  which  forms  the  external  covering  of  tho 
bot'y,  consists  of  the  Cuticle,  or  Epideimis,  and  beneath 
this  the  Cutis,  or  tiuo  skm,  with  a cellular  substance  io-’ 
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ter  posed.  The  Cuticle  is  nearly  inorganic  ; when  detach- 
ed from  the  parts  beneath,  it  is  extremely  thin  and  trans- 
parent. It  is  insoluble  in  water,  even  by  long  boiling,  and 
is  equally  insoluble  in  alkohol.  Alkaline  solutions  dissolve 
it,  forming  a kind  of  soap.  Lime  also  dissolves  it.  1 he 
acids  decompose  it,  sulphuric  acid  forming  with  it  a soapy 
pulp,  nitric  acid  staining  it  yellow. 

The  true  Skin  is  thicker  than  the  epidermis,  and  has 
considerable  firmness  and  elasticity.  II  boiled  stiongly  in 
water  it  is  dissolved,  and  the  solution  has  all  the  chaiac- 
ters  of  gelatin,  being  precipitated  by.  tannin,  and  nitro- 
muriate  of  tin  ; and  attaining,  when  evaporated,  a gela- 
tinous consistence.  Even  in  its  dense  state,  it  combines; 
with  tannin  slowly,  and  hence  the  change  which  it  suffeis 
in  the  operation  of  tanning,  the  combination  taking  place* 
with  more  celerity,  as  the  skin  is  more  soft  and  flexible. 

Acids  decompose  skin  *,  nitric  acid,  which  acts  on  it 
most  readily,  causing  an  evolution  of  nitrogen  gas  and 
prussic  acid,  and  a formation  of  oxalic  acid,  the  skin  ac- 
quiring also  a yellow  colour.  It  is  soluble  in  alkaline  so- 
lutions. In  its  humid  state  it  is  liable  to  putrefaction,  but 
suffers  it  more  slowly,  as  the  skin  is  more  dense  and  firm. 
Decomposed  by  heat,  it  affords  the  usual  products  of  ani- 
mal matter. 

The  Cellular  Fibre  interposed  between  the  cutis  and 
cuticle,  has  been  little  examined.  It  is  the  scat  ol  the  co-> 
lour  of  the  surface  of  the  body,  and  the  colouring  matter 
diffused  through  it  can  be  acted  on  through  the  cuticle, 
the  skin  of  the  negro  being  whitened  by  oxy-muriatic  acid. 

The  Membranes,  which  compose  a large  portion  of  the 
soft  solids,  forming  the  cellular  textile,  the  coats  of  tb$ 
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vessels,  and  the  coverings  of  the  viscera,  appear  to  be  of 
the  same  nature.  They  have  similar  flexibility,  and  dis- 
solve in  water,  forming  gelatinous  solutions. 

Glue  is  formed  by  boiling  the  skin  and  membranes  in 
water  strongly,  and  reducing  the  solution  by  evaporation 
so  far,  that  on  cooling'  it  becomes  concrete.  It  differs  in 
the  degree  of  consistence  which  it  gives  to  water,  as  pre- 
pared from  different  substances $ and  although  it  is  essen- 
tially  gelatin  in  all  these  varieties,  it  differs  somewhat  in  its 
chemical  properties.  The  more  firm  and  dense  it  is,  its 
solution  is  less  easily  acted  on  by  tannin,  and  it  is  also 
much  less  liable  to  putrefaction,  than  when  obtained  in 
that  form  in  which  it  is  soft  and  tremulous. 


Sect.  XIII. — Of  the  Muscular  Fibre. 

The  Muscles,  or  Flesh  of  animals,  have  a distinctly  fi- 
brous texture.  Their  basis  appears  to  be  Fibrin  not 
much  changed,  with  which  are  intermingled  small  portions 
of  albumen,  gelatin,  a peculiar  extractive  matter,  and  sa- 
line matter,  these  being  derived,  in  part  at  least,  from  the 
blood  diffused  by  the  medium  of  the  blood-vessels.  To 
this,  too,  the  colour  is  owing,  as  when  washed  with  wa- 
ter, the  muscular  substance  remains  white,  and  similar  in 
appearance  to  fibrin.  rl  he  water  employed  in  this  opera- 
tion holds  dissolved  the  other  principles.  When  heat- 
ed, the  albumen  is  separated  from  it  by  coagulation  m 
flakes  > if  these  are  removed,  and  the  liquor  evaporated,  it 
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becomes  gelatinous,  a little  fatty  matter  separating  and  col- 
lecting on  the  surface ; and  by  this  simple  experiment  the 
albumen  and  gelatin  are  detected.  Besides  these,  a por- 
tion of  a peculiar  extractive  matter  is  obtained  by  evapo- 
rating the  jelly  .to  dryness,  and  treating  it  with  alkohol, 
the  alkohol  dissolving  the  matter,  and  yielding  it,  by  eva- 
poration, in  a solid  form.  It  is  of  a brownish  colour,  has 
a pungent  odour,  and  a taste  somewhat  aromatic.  Last- 
ly, the  saline  matter  is  procured  by  boiling  water  on  the 
muscular  fibre,  previously  washed  ; it  consists  of  phos- 
phates of  soda  and  ammonia,  and  phosphate  and  carbonate 
of  lime.  As  they  remain  in  the  muscle  after  washing,  and 
are  only  extracted  by  boiling,  they  are  probably  essential 
to  its  composition  ; they  differ,  too,  in  their  proportions, 
at  different  periods  of  life,  being  more  abundant  in  the 
coarse  and  rigid  muscular  fibre  of  adult  animals,  than  in 
the  more  delicate  fibre  of  those  who  are  young.  In  the 
latter,  too,  the  proportion  of  gelatin  is  larger  than  in  the 
former. 

When  the  flesh,  without  any  preparation,  is  boiled  in 
water,  the  gelatin  and  albumen  are  more  completely  ex- 
tracted and  dissolved,  and  the  fibrin  is  diffused  in  threads 
in  the  boiling  liquor.  The  albumen  coagulates,  the  gela- 
tin is  detected  by  the  abundant  precipitate  formed  with 
tannin,  or  if  the  liquor  be  sufficiently  evaporated,  it  ren- 
ders it  gelatinous. 

When  the  muscular  substance  is  exposed  to  the  air,  it 
soon  becomes  tainted,  and  at  length  putrid,  a change  prin- 
cipally arising  from  the  presence  of  gelatin,  which  is  pe- 
culiarly liable  to  putrefaction  when  humid ; and,  accord- 
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ingly,  if  it  has  been  removed  by  washing,  the  flesh  re- 
mains much  longer  sound.  If  the  air  is  excluded,  and  the 
flesh  immersed  in  water,  it  is  gradually  converted  into  a 
fatty  substance,  a species  of  decomposition  which  is  after- 
wards to  be  considered. 

Muscular  fibre,  decomposed  by  heat,  afford  the  usual 
Products  of  animal  matter.  Its  residual  charcoal  gives,  by 
incineration,  carbonate  and  phosphate  of  lime. 

I he  acids  decompose  the  muscular  fibre,  with  results 
nearly  similar  to  those  afforded  by  their  action  on  fibrin. 
^Nitric  acid  disengages  nitrogen  gas,  with  a portion  of  car- 
bonic acid  gas,  and  the  principal  product  is  an  unctuous 
substance  of  a yellow  colour,  rancid  smell,  bitter  taste, 
and  sensibly  acid.  The  unctuous  matter,  according  to 
Fourcroy  and  Vauquelin,  may  be  separated  by  the  action 
of  alkohol  from  the  acid.  The  latter  is  a substance  alto- 
gether peculiar,  to  which  these  chemists  have  given  the 
name  of  'iellow  Acid,  and  which  they  suppose  to  have 
some  relation  to  the  yellow  and  bitter  principle  of  bile. 
It  is  of  a deep-yellow  colour,  has  an  intensely  bitter  taste ; 
and  its  acidity,  which  is  displayed  in  its  power  of  redden- 
ing the  vegetable  colours,  and  combining  with  the  alkalis, 
they  conclude,  belongs  to  it,  and  is  not  derived  from  any 
portion  of  the  nitric  acid  employed  in  its  formation  ad- 
hering to  ifr. 
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Sect.  XIV.— Of  Tendon , Ligament,  Cartilage,  Horn,  #c. 

, JrV.'  -.cTt  . J ij'.  ' > 

These  substances  appear  to  have  albumen  for  then  ba- 
.sis  ; they  pass  insensibly  into  each  other,  and  they  foim 

the  transition  into  shell  and  bone. 

The  Tendons  have  a considerable  degree  of  toughness 
and  elasticity  ; their  texture  is  fibrous.  They  are  scarcely 
affected  by  water,  unless  by  long  boiling,  when  a gelati- 
nous solution  is  said  to  be  obtained. 

The  Ligaments  are  distinctly  fibrous  in  their  texture, 
and  have  much  firmness  and  cohesion.  When  boiled  in 
water,  they  afford  a portion  of  gelatin,  but  the  entire  sub- 
stance cannot  be  dissolved,  and  it  probably,  therefore,  con- 
sists of  indurated  albumen. 

Cartllage  has  a still  greater  degree  ot  induration  It 
is,  however,  sufficiently  solt  to  be  cut  easily  ; it  has  also 
much  cohesion  and  elasticity.  It  is  softened  by  macera- 
tion in  water,  and  the  softer  cartilages  are,  by  boi.ing, 
nearly  entirely  dissolved.  Acids  do  not  exert  much  action 
on  the  matter  of  cartilage : when  dilute  or  weak,  they  do 
not  dissolve  it  •,  strong  nitric  acid  decomposes  it  -,  alkalis  dis- 
solve it.  The  base  ot  cartilage,  and  of  many  of  the  other 
animal  solids,  Mr  Hatchet  inferred  from  experiment  to 
be  indurated  albumen,  and  to  be  analogous,  in  chemical 
properties,  to  pure  coagulated  albumen  diicd.  In  these 
eolids,  it  is  usually  combined  with  portions  of  gelatin,  and 
of  arthy  matt  r,  principally  phosphate  of  lime,  but  ii? 
cartilage  it  a[  pears  to  be  nearly  pure. 
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Horn  lias  a considerable  similarity  to  cartilage,  differ* 
ing  from  it  principally  in  a greater  degree  of  induration, 
W hen  boiled  strongly  in  water,  it  affords  a small  quantity 
of  gelatin,  the  most  flexible  horn  yielding  the  largest 
quantity  ; the  residual  matter  is  indurated  albumen,  with  a 
small  quantity  of  phosphate  of  lime.  It  is  singular,  how- 
ever, that  the  horn  of  the  stag  is  of  a very  different  na- 
ture, consisting  principally  of  gelatin,  with  phosphate  of 
lime,  and  being  therefore  analogous  to  bone.  Hoof  is, 
both  in  mechanical  structure  and  chemical  composition, 
similar  to  horn  ; as  are  also  the  matter  of  the  Nail,  the 
Scales  of  insects.  Feather  and  Quill ; all  of  these,  when 
boiled  in  water,  giving  scarcely  any  gelatin,  but  consisting 
apparently  of  indurated  albumen. 

Hair,  though  apparently  very  different  from  these  sub- 
stances in  mechanical  structure,  is  similar  in  its  chemical 
nature.  When  boiled  with  water,  it  affords  a small  por- 
tion of  gelatin,  and  the  residuum,  Mr  Hatchet  found,  had 
all  the  characters  of  indurated  albumen.  The  hair  also 
contains  an  oily  matter,  which  may  be  extracted  by  alko- 
hol  macerated  on  it  •,  in  this  the  colouring  matter  appeal's 
to  reside,  as  it  is  always  obtained  of  the  colour  of  the  hair. 

Wool  is  merely  a finer  hair.  It  has  scarcely  been  che- 
mically examined,  but  it  has  one  of  the  characteristic  pro- 
perties of  indurated  albumen,  that  of  forming  a sapona- 
ceous compound  with  alkalis. 

Silk  is  connected  with  these  substances  in  physical  pro- 
perties and  chemical  constitution,  though  there  are  also 
some  peculiarities  with  regard  to  it.  It  is  in  fine  fibres, 
of  different  shades  of  colour,  naturally  covered  with  a kind 
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of  varnish  which  communicates  stiffness  and  elasticity; 
both  the  colouring  matter  and  varnish  are  removed  by 
the  successive  application  of  weak  alkaline  leys,  alkohol, 
and  diluted  muriatic  acid.  The  pure  silk  is  insoluble  in 
water,  even  at  a boiling  heat ; it  is  also  insoluble  in  alko- 
hol. The  fixed  alkalis  dissolve  it,  and  decompose  it, 
causing  an  exhalation  of  ammonia.  The  acids  also  dis- 
solve and  decompose  it.  Nitric  acid  disengages  nitrogen 
gas,  and  forms  prussic  and  oxalic  acids,  with  a portion 
of  a peculiar  matter,  named  by  Welter,  who  observed  its 
production,  Bitter  Principle,  from  its  intensely  bitter  taste, 
of  a yellow  colour,  soluble  in  water  and  in  alkohol,  crys- 
tallizable  and  inflammable,  and  which  appears  to  be  the 
same  product  with  the  yellow  bitter  acid  already  noticed, 
as  produced  in  the  decomposition  of  the  muscular  fibre, 
by  nitric  acid. 

The  silk-worm  forms  along  with  the  silk  an  acid  liquor, 
which  was  supposed  to  be  a peculiar  acid,  and  received  the 
name  of  Bombic  acid.  There  is  reason  to  believe  that,  it 
is  merely  acetic  acid,  weak  and  impure. 


Sect.  XV. — Of  Bone  and  Shell. 

Bone  and  Shell  differ  from  the  preceding  substances  in 
their  greater  induration,  derived  from  the  larger  quantity 
of  earthy  matter  that  enters  into  their  composition.  In 
bone  the  earthy  matter  is  principally  phosphate  of  lime. 
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in  shell  it  is  carbonate  of  lime,  but  these  are  intermixed  i® 
the  different  varieties  \ and  there  are  intermediate  sub- 
stances, the  crustaceous  coverings  of  certain  marine  ani- 
mals, and  of  zoophytes,  in  which  the  proportions  of  phos- 
phate and  carbonate  are  nearly  equal. 

Bone  admits  of  a simple  analysis,  by  which  its  imme- 
diate principles  are  discovered.  By  boiling  in  watei,  a li- 
quor is  formed,  which  becomes  ol  the  consistence  oi  a jel- 
ly on  cooling,  proving  the  presence  ol  a large  proportion 
of  gelatin.  If  the  bone,  without  boiling  in  water,  be  digest- 
ed in  dilute  muriatic  or  nitric  acid,  the  gelatin  and  earthy 
matter  are  dissolved,  and  a transparent  cartilaginous  sub- 
stance remains,  retaining  the  figure  of  the  bone.  By  cal- 
cination in  the  open  fire,  the  animal  matter  is  burnt  out, 
and  the  earthy  matter  is  obtained,  which  farther  analysis 
discovers  to  be  phosphate  of  lime  ; it  is  likewise  separated 


during  the  decoction  of  bone  under  increased  pressure,  an 
experiment  which  proves  that  it  pre-exists  in  the  bone,  and 
is  not  formed  during  the  calcination.  Lastly,  during  the 
boiling  of  bone  in  water,  a portion  of  oily  matter  sepa- 
rates, and  collects  on  the  surface.  By  these  experiments, 
then,  bone  is  proved  to  be  composed  of  gelatin,  cartilage, 
phosphate  of  lime,  and  unctuous  matter,  the  last  being 
probably  adventitious,  and  derived  from  the  marrow  dif- 
fused through  the  layers  of  bone.  Some  other  principles 
appear  to  be  present,  too,  in  smaller  proportion.  A little 
carbonate  of  lime  exists  in  recent  bone ; and  a larger  quan- 
tity, with  a portion  of  sulphate  of  lime,  are  found  in  cal- 
cined bone,  the  greater  part  of  which  is  probably  form  d 
during  the  calculation.  Berzelius  lias  discovered  flpatc  of 
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lime ; and  in  the  bones  of  the  lower  orders  of  animals, 
there  is  a portion  of  phosphate  of  magnesia.  The  pro- 
portions of  all  these  ingredients  must  be  various  in  bones 
in  different  states ; the  earthy  matter  becomes  more  abun- 
dant as  the  animal  advances  in  life.  The  quantity  of  ge- 
latin extracted  by  boiling  in  water  is  from  25  to  50  in  100 
parts,  the  remainder  being  principally  phosphate  of  lime. 

When  bone  is  exposed  to  heat  gradually  raised,  it  is  de- 
composed, a large  quantity  of  carbonate  of  ammonia  is 
volatilized,  formed  by  new  combinations  , of  the  elements 
of  its  animal  matter.  This  is  accompanied  with  a portion 
of  a very  fetid  oil,  and  with  quantities  of  prussic  and  seba- 
cic  acids,  carburetted  and  sulphuretted  hydrogen  gases. 
The  bone  remains  charred,  but  when  urged  with  a strong 
heat  in  an  open  fire,  it  becomes  white ; this  residual  mat- 
ter, which  retains  the  figure  of  the  lime,  being  composed 
of  its  earthy  salts.  It  is  analysed  by  the  action  of  the 
acids.  On  the  addition  of  any  of  the  more  powerful  acids, 
an  effervescence  is  excited  from  the  disengagement  of  car- 
bonic acid,  and  a pungent  smell,  arising  probably  from  the 
evolution  of  prussic  and  carbonic  acids.  If  sulphuric  acid 
has  been  employed,  sulphate  of  lime  remains,  and  the  liquor 
obtained  by  washing  the  materials  is  a solution  of  super- 
phosphate of  lime.  If  nitric  acid  has  been  used,  the  en- 
tire calcined  bone  is  dissolved  with  effervescence ; from  the 
solution  phosphate  of  lime  is  precipitated  by  the  addition 
of  ammonia ; by  adding  to  the  residual  liquor  nitrate  of 
barytes,  sulphuric  acid  is  detected;  and  from  the  quantity 
of  it,  the  proportion  of  sulphate  of  lime  may  be  inferred  ; 
and  the  proportion  of  carbonate^  of  lime  may  likewise  be 
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inferred  from  the  quantity  of  carbonic  acid  disengaged 
during  the  solution. 

Bone  is  not  much  liable  to  spontaneous  decomposition, 
the  re-action  of  the  elements  of  its  animal  matter  being 
in  a great  measure  prevented  by  the  inert  earthy  matter 
in  which  it  is  involved,  and  the  solidity  which  this  commu- 
nicates to  it.  In  fossil  bones,  or  those  w hich  have  been  long 
buried  in  the  earth,  the  animal  matter  is  removed  by  slow 
decomposition,  and  its  place  supplied  by  carbonate  of 
lime,  conveyed  probably  by  slow'  infiltration. 

The  Enamel  of  the  teeth  is  evidently  of  the  nature  of 
bone.  It  has  the  peculiarity,  however,  of  containing  a 
very  small  proportion  of  animal  matter.  In  dissolving  in 
acids,  it  produces  a slight  effervescence,  and  contains 
therefore  a portion  of  carbonate  mixed  with  its  phosphate 
of  lime.  Morichini  announced  the  presence  of  fluoric  acid 
in  the  enamel,  vapours  of  it  being  disengaged  by  the  ac- 
tion of  sulphuric  acid,  and  also  the  presence  of  the  same 
acid  in  ivory,  or  the  enamel  or  outer  layer  of  the  fossil-teeth 
of  the  elephant. 

Shell,  or  the  hard  covering  with  which  the  bodies  of 
many  marine,  and  also  of  a number  of  land  animals  arc 
Covered,  is  in  structure  similar  to  bone.  It  was  known, 
however,  to  contain  a large  proportion  of  carbonate  of 
lime;  and  Mr  Hatchet’s  experiments  have  shewn,  that 
it  is  this  which  forms  its  principal  earthy  matter,  mix- 
ed sometimes  with  small  proportions  of  phosphate  of 
lime.  Marine  shells  arc  of  two  descriptions,  either  of  a 
porcellaneous  aspect,  with  an  enamelled  surface  anti  fibrous 
texture,  or  composed  of  the  substance  called  Nacre,  or 
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Mother  of  Pearl.  The  former  afford  no  trace  of  phos- 
phate, but  consist  of  carbonate  of  lime,  with  animal 
matter,  which  Mr  Hatchet  considers  as  indurated  albu- 
men, in  small  proportion.  The  latter  also  contain  carbo- 
nate of  lime,  but  the  animal  matter  is  in  much  larger  pro- 
portion ; it  often  constitutes  even  a large  part  of  the  shell, 
and  is  so  highly  indurated  as  not  to  be  gelatinous.  In 
shells  of  this  kind  it  appears  to  be  deposited  in  layers,  al- 
ternating with  corresponding  thin  layers  of  carbonate  of 
lime.  Mother  of  pearl,  and  pearl  itself,  are  of  this  struc- 
ture and  composition ; and  their  waved  appearance,  and 
iridescence,  and  nebulous  semi-transparency,  appear  to 
arise  from  it. 

The  substance  of  zoophytes,  comprising  the  varieties  of 
madrepore,  millipore,  and  tubipore,  consists  likewise  of 
carbonate  of  lime,  with  animal  membrane.  The  substance 
analogous  to  shell,  which  forms  the  covering  of  crustaceous 
marine  animals,  has  the  same  cementing  animal  matter  as 
other  shells,  but  with  this  are  united  both  carbonate  and 
phosphate  of  lime.  The  shells  of  the  eggs  of  birds  are  of 
similar  composition.  Both  form  therefore  a substance  in- 
termediate between  Bone  and  Shell. 


Sect.  XVI. — Of  Fat , Spermaceti , Sebacic  Acid. 

Animal  fat  has  nearly  the  same  properties  as  vegetable 
oil.  In  the  living  animal  body  it  is  nearly  fluid,  and  is 
contained  in  distinct  cells ; after  death  it  in  the  greater 
Yol,  II.  I i 
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number  of  cases  becomes  concrete,  and  move  or  less  firm, 
and  is  freed  from  the  membranous  matter  bv  melting;  it 

' . i * a , 

out,  a little  water  being  usually  added  to  prevent  the  heat 
from  being  applied  too  strong.  As  thus  obtained,  it  is 
usually  insipid  and  inodorous  ; when  of  a soft  consistence 
it  forms  lard,  when  firmer,  tallow.  As  obtained  from  a 
number  of  marine  animals,  it  remains  fluid,  and  has  an 
offensive  smell. 

Fat  is  insoluble  either  in  water  or  in  alkohol.  Exposed 
to  the  air  it  is  liable  to  become  rancid,  a change  which  ap- 
pears to  be  connected  with  the  absorption  of  oxygen.  It 
melts  easily  ; by  raising  the  heat  it  is  rendered  more  acrid, 
a pungent  vapour  arises  from  it;  and  in  close  vessels  it  is 
decomposed,  the  oily  fluid  which  distils  over  being  chang- 
ed in  its  properties,  and  this  being  accompanied  with  a 
production  of  acid,  and  a disengagement  of  carbonic  acid, 
and  carburetted  hydrogen  gases.  Ammonia  in  small  quan- 
tity is  also  produced  in  this  process. 

Fat  is  highly  inflammable,  and  affords  by  its  combustion 
water  and  carbonic  acid.  Carbon  and  hydrogen  are  there- 
fore its  chief  elements.  The  production  of  an  acid  in  its 
destructive  distillation,  indicates  the  presence  of  oxygen, 
and  that  of  ammonia  the  presence  of  nitrogen  in  inconsi- 
derable quantities. 

The  acids  act  chemically  on  fat.  Sulphuric  acid  chars 
it.  Nitric  acid  mixed  with  it  in  small  quantity  gives  it  a 
firmer  consistence ; distilled  from  it,  it  is  decomposed,  and 
acetic  and  oxalic  acids  are  formed. 

The  alkalis  combine  with  fat,  and  form  with  it  perfect 
soaps.  It  forms  also  saponaceous  compounds  with  some 
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of  the  earths  ; and  it  unites  with  a number  of  the  metallic 
oxides,  acquiring  in  the  combination  a firm  consistence. 
It  even  facilitates  the  oxidation  of  some  of  the  metals,  as 
copper  and  quicksilver,  by  the  atmospheric  air. 

The  acid  obtained  in  the  distillation  of  fat  was  regard- 
ed as  a peculiar  one,  and  as  such  received  the  name  of  Se- 
bacic  Acid.  The  common  process  for  obtaining  it  con- 
sisted in  exposing  fat,  in  mixture  with  lime,  to  a strong 
heat  in  an  iron  pot : the  acid  formed  from  the  decomposi- 
tion of  the  fat  is  attracted  by  the  lime ; and  the  salt  thus 
formed,  being  extracted  by  lixiviation,  and  freed  from  any 
adhering  unctuous  matter  by  calcination,  is,  by  a second 
solution  in  wafer  and  crystallization,  obtained  pure  and 
white.  On  adding  to  it  sulphuric  acid,  the  sebacic  acid  is 
separated,  and  may  be  procured  by  distillation.  It  has 
an  acrid  suffocating  odour,  is  volatile',  and  reddens  the  ve- 
getable colours. 

From  the  researches  of  Gren  and  Thenard,  it  appears, 
however,  that  this  acid  is  merely  the  acetic  in  an  impure 
state.  Still,  according  to  Thenard,  there  is  a proper  se- 
bacic acid.  It  is  produced  by  distilling  fat,  and  treating 
the  product  with  hot  water  ; to  the  filtered  liquor  acetate 
of  lead  is  added  ; the  precipitate  which  is  formed  is  heat- 
ed ;n  a retort  with  sulphuric  acid,  a watery  liquid  dis- 
tils over,  and  there  floats  on  the  liquor  of  the  retort, 
an  unctuous-like  substance,  soluble  in  water  when  boil- 
ed with  it,  and  which,  on  the  water  cooling,  is  depo- 
sited in  crystalline  needles.  This  Thenard  regards  as 
the  sebacic  acid  •,  its  taste  is  slightly  sour,  it  reddens 
litmus,  is  soluble  in  water  and  in  alkohol,  and  melts  at  a 
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moderate  heat,  assuming  an  unctuous  appearance.  It 
combines  with  the  alkalis  and  earths,  and  forms  soluble 
salts. 

Spermaceti,  the  substance  deposited  from  the'  oil  found 
in  the  head  of  several  species  of  whale,  particularly  the 
Physeter  Macrocephalus,  though  analogous  to  fat,  differs 
from  it  in  several  of  its  properties.  It  is  of  a flaky  texture, 
soft  and  brittle,  white  and  brilliant ; it  melts  at  113,  and 
by  raising  the  heat  may  be  volatilized  with  little  change, 
though  by  repeated  distillation  it  is  decomposed.  It  burns 
with  a clear  flame. 

A property  distinguishing  it  from  fat,  is  that  of  solubi- 
lity in  alkohol  and  in  ether.  In  alkohol  it  is  very  spa- 
ringly soluble.  It  dissolves  more  rapidly  and  abundantly 
in  warm  ether,  but  is  precipitated  on  cooling.  Oil  of  tur- 
pentine also  dissolves  it  while  warm,  and  allows  it  to 
separate  when  cold. 

The  alkalis  form  with  spermaceti  soaps  less  perfect  than 
those  with  fat,  and  much  less  soluble.  The  acids  have 
little  effect  on  it. 

This  substance  is  similar  in  its  properties  to  that  which 
has  been  already  noticed  as  forming  the  basis  of  biliary 
calculi,  and  also  to  that  formed  by  the  slow  decomposition 
of  muscular  fibre  ; and  the  whole  as  a genus  has  been  dis- 
tinguished by  Fourcroy  by  the  name  of  Adipocire,  denot- 
ing it  as  a substance  intermediate  between  fat  and  wax. 
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Sect.  XVII.— Of  the  Cerebral  Pulp. 

The  soft  pulpy  matter  which  forms  the  substance  el 
the  brain,  has  been  submitted  to  chemical  examination, 
and  the  results  prove  it  to  be  different  from  any  other  ani-  . 
mal  principle,  though  on  the  whole  analogous  to  albumen. 
It  speedily  suffers  decomposition  when  exposed  to  the  air, 
but  immersed  under  water,  may  be  preserved  long  without 
much  change.  Heated  moderately  it  coagulates,  a port  ion  of 
watery  liquor  separating  from  it.  When  diluted  in  water , it 
suffers  a similar  coagulation  by  heat ; and  alkohol  and  acids 
produce  nearly  the  same  change.  Acids  decompose  it. 
Alkalis  dissolve  it,  forming  saponaceous  compounds,  and 
causing  an  ammoniacal  exhalation.  By  the  action  of  al- 
kohol, aided  by  heat,  there  is  produced  not  only  the  coa- 
gulation of  the  albuminous  matter,  but  a substance  is  dis- 
solved, and  separated  analogous  to  adipocire.  Ke-agcnts 
discover  in  it  the  presence  of  phosphates,  principally 
phosphate  of  soda  and  of  lime.  It  is  decomposed  by 
heat,  and  when  dry,  inflames  if  the  air  is  admitted,  and 
in  its  combustion  produces  a considerable  quantity  of  sul- 
phurous acid. 


502 


OF  THE  DECOMPOSITION 


ciiap.  in. 

OF  THE  DECOMPOSITION  OF  ANIMAL  SUBSTANCES  FROM  THE 
RE-ACTION  OF  THEIR  ELEMENTS. 

The  elements  of  which  animal  matter  is  composed  hav- 
ing all  mutual  affinities,  and  these  being  nicely  adjusted 
in  the  combinations  which  constitute  its  several  varieties, 
they  are  liable  to  be  altered  by  very  slight  changes  of  cir- 
cumstances ; and  hence  the  character  eminently  distinctive 
of  the  animal  products, — their  extreme  susceptibility  of 
decomposition.  The  results  of  the  changes  which  they 
suffer  from  the  new  combinations  into  which  their  elements 
enter,  are  different  according  as  these  are  established  at 
a natural  temperature,  or  by  the  application  of  heat  *,  and 
these  two  species  of  decomposition  require  therefore  to  be 
considered  apart. 


»Sect.  I. — Of  the  Decomposition  of  Animal  Substances  at  a 
high  temperature . 

The  general  result  of  the  decomposition  of  animal  sub- 
stances by  the  application  of  heat,  is  the  transition  of  their 
elements  into  binary  combinations.  From  the  union  of 
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portions  of  their  nitrogen  and  hydrogen,  ammonia  is  form- 
ed; carbon  r mbining  With  oxygen  forms  carbonic  acid, 
and  frequently  carbonic  oxide ; and  with  the  addition  ot 
hydrogen,  empyreumatic  acid  ; the  combination  of  carbon 
•with  hydrogen  gives  rise  to  the  formation  of  empyreumatic 

* & ° l i 

oil,  and  of  different  varieties  of  carburetted  hydrogen  ; sul- 
phur, and  phosphorus,  are  disengaged  partly  in  combina- 
tion with  hydrogen,  and  partly  remain  united  with  oxygen 
in  the  states  of  sulphuric  and  phosphoric  acids;  combined  with 
the  alkalis  or  earths  of  the  animal  matter.  These  products 
are  much  diversified  with  regard  to  their  proportions,  ac- 
cording to  the  proportions  of  the  elements  in  different  animal 
products,  and  arc  varied  too  by  the  circumstances  of  the 
decomposition,  such  as  the  state  ot  humidity  and  the  de- 
gree of  heat. 

A peculiar  product  is  obtained  in  many  of  these  cases  of 
decomposition,— Prussic  acid,  the  chemical  history  of 
which  still  remains  to  be  delivered.  Its  existence  as  a pro- 
duct of  vegetation  has  been  already  noticed  ; it  is  usual- 
ly by  the  decomposition  of  animal  matter  that  it  is  ob- 
tained. 

It  enters  along  with  oxide  of  iron  into  the  composi- 
tion of  the  blue  pigment  known  by  the  name  of  Prussian 
Blue.  This  substance  is  prepared  by  calcining  dried  blood 
with  the  potash  of  commerce,  lixiviating  the  residual  mat- 
ter with  successive  portions  of  boiling  water,  and  adding 
to  the  ley  reduced  by  evaporation,  a solution  of  sulphate  of 
iron,  and  of  common  alum.  A precipitate  is  thrown  down 
nf  a greenish  colour,  which  assumes  a very  rich  blue,  when 
washed  with  a little  diluted  muriatic  acid. 

Macqucr  discovered,  that  from  this  substance  the  Prus- 
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sian  Blue  of  commerce,  the  principle  which,  united  with ' 
oxide  of  iron,  produces  the  blue  colour,  may  be  abstract- 
ed by  the  action  of  an  alkali,  the  alkali  combining  with 
it,  so  that  by  adding  it  to  a solution  of  a salt  of  iron,  the 
blue  precipitate  is  reproduced.  Scheele  completed  the  dis- 
coveiy  with  legard  to  the  nature  of  this  colouring  principle, 
by  obtaining  it  in  an  insulated  state.  This  he  did  by  sub- 
jecting the  alkali  which  had  been  combined  with  it  to  dis- 
tillation, with  the  addition  of  sulphuric  acid.  The  li- 
quor, which  passed  over  with  a gentle  heat,  had  a peculiar 
smell  and  taste,  and  added  to  the  salts  of  iron,  produced 
a deep  blue  tint. 

Scheele  found  it  difficult  to  obtain  this  principle  free  from 
oxide  of  iron,  to  which  it  has  so  strong  an  affinity  as  to 
carry  a portion  of  it  into  any  combination  into  which  it 
enters.  I he  process  which  lie  found  to  succeed  is  com- 
plicated, but  it  is  still  the  only  one  by  which  we  procure 
it  in  a state  of  purity.  Two  ounces  of  prussian  blue,  and 
one  ounce  of  red  oxide  of  quicksilver  prepared  by  nitric 
acid,  are  put  into  a flask  with  six  ounces  of  water,  and 
boiled  for  some  minutes  with  constant  agitation.  It  is  then 
poured  on  a filtre,  and  the  matter  which  remains  on  the  pa- 
per, is  lixiviated  with  twro  ounces  of  hot  water.  The  liquid 
w hich  has  passed  through,  is  a combination  of  the  colour- 
ing matter  with  oxide  of  quicksilver,  without  any  oxide  of 
iron.  TL  his  he  found  could  not  be  decomposed  by  acids, 
alkalis,  or  lime  ; and  the  colouring  matter  could' be  sepa- 
rated only  by  reducing  the  mercurial  oxide  to  the  metallic 
state,  i o effect  this,  the  filtered  solution,  from  the  above 
quantities  oi  materials,  is  j.  cured  on  an  ounce  and  a huff 


OF  ANIMAL  SUBSTANCES. 


505 


of  iron-filings,  free  from  rust,  to  which  are  added  three 
drachms  of  sulphuric  acid.  The  oxide  of  quicksilver  is  re- 
duced to  the  metallic  state.  The  clear  liquor,  after  the  ac- 
tion has  ceased,  is  poured  off  and  distilled.  W hen  the 
fourth  part  has  come  over,  the  whole  or  the  colouring  mat- 
ter is  obtained,  as  it  is  more  volatile  than  water,  and  lises 
first.  There  is  a slight  contamination  of  sulphuric  acid, 
which  may  be  removed  by  distilling  from  a little  chalk. 

The  claims  of  this  substance  to  be  ranked  as  an  acid 
are  doubtful ; its  taste  is  not  sour,  and  it  does  not  ledden 
the  delicate  vegetable  colours.  Its  acidity  is  displayed  only 
in  its  neutralizing  the  alkaline  properties  ; and  even  this 
action  is  scarcely  exerted  by  it,  except  when  it  is  in  com- 
bination at  the  same  time  with  a portion  of  a metallic 
oxide.  It  then,  however,  forms  neutral  salts,  very  distinct- 
ly marked,  these  of  cour-se  being  ternary  compounds. 

Prussic  acid  has  a peculiar  odour,  resembling  that  of  peach 
blossom  *,  it  is  a powerful  narcotic  ; its  watery  solution  has 
a sweetish  pungent  taste.  Such  is  its  volatility,  that  even 
at  a common  temperature  it  escapes  rapidly  from  the  water 
which  holds  it  dissolved.  In  solution  in  watei,  it  appears 
too  to  suffer  spontaneous  decomposition. 

This  acid  combines  with  the  alkalis  and  earths,  forming 
compounds  denominated  Prussiates,  and  which  scaicely 
admit  of  examination,  as  they  are  decomposed  by  the  agen- 
cy ot  water  alone.  According  to  Schcelcs  observation,  it 
does  not  neutralize  the  properties  ol  the  fixed  alkalis, 
even  when  added  in  excess ; and  ammonia  retains  its  pe- 
culiar odour  when  there  is  a similar  excess  ; its  effects  on 
the  earths  with  which  it  combines  ure  similar.  It  does  no^ 
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act.  on  the  metals,  but  combines  with  several  of  the  metal- 
lic oxides  ; with  oxide  of  quicksilver  it  forms  a cryslailiza'ole 
salt  By  complex  affinity  its  combinations  with  the  metallic 
oxides  are  more  easily  effected,  precipitates  being  formed 
by  adding  prussiate  ot  lime,  or  prnssiate  of  potash,' to  the 
Sclutfons  of  the  different  metals.  These  "afe  probably 
ternary  compounds  of  the  prussic  acid,  with  part  of  the 
potash  01  lime,  and  the  metallic  oxide.  All  these  com- 
pounds are  more  permanent  than  the  alkaline  or  earthy 
precipitates  ; the  metallic  oxide,  by  the  affinity'k  exerts  to 
the  acid,  resisting  its  decomposition. 

Of  these  ternary  compounds,  those  with  cixide  of  iron  are 
the  most  important ; they  differ  according  to  the  propor- 
tions, and  also  according  to  the  oxidation  of  the  metal. 

The  blue  precipitate  which  forms  the  basis  of  pfiissian 
blue,  appears  to  be  a compound  of  this  kind,  for  although 

• . O 

it  consists  principally  of  prussic  add  and  oxide  of  iron, 
the  acid  appears  to  carry  along  with  it  a portion  of  the 
alkali  into  the  combination.  It  maybe  obtained  from  any 
of  the  salts  of  iron  by  adding  what  is  called  the  Prussian 
Ley,  prepared  from  calcined  blood  and  potash,  to  the  so- 
lution of  the  metallic  salt.  The  iron  requires,  however,  to 
be  at  the  maximum  of  oxidation,  for  when  a salt  at  the 
minimum  is  employed,  the  precipitate  is  nearly  of  a 
white  colour  ; from  exposure  to  the  air,  it  soon  acquires 
a blue  shade.  According  to  Bcrthollct,  the  different 
results  obtained  in  the  action  of  the  pfiissian  ley  on 
the  salts  of  iron,  at  a high  and  at  a low  degree  of  oxi- 
dation, depend  principally  on  the  affinity  exerted  by  the 
oxide  to  the  acid  with  which  it  is  combined  being  different 
in  these  states,  so  that  when  it  is  at  the  maximum  it  is  more 
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easily  abstracted,  and  enters  into  combination  with  the 
prussic  acid  ; and  hence,  even  from  the  salt  at  the  minimum, 
the  blue  precipitate  may  be  produced  by  circumstance* 
which  do  not  change  the  state  of  oxygenation,  as  by  mere 
dilution  with  water.  In  its  precipitation,  as  there  is  in  tne 
ley  prepared  from  blood  an  excess  of  alkali,  the  colour  of 
the  precipitate  is  green  from  the  intermixture  of  yellow 
oxide  of  iron,  but  this  is  removed  by  washing  with  di- 
lute muriatic  acid.  The  alum  added  in  its  prepaiation  is 
designed  to  afford  a portion  of  argillaceous  eaith,  which 
mingling  with  the  blue  precipitate,  gives  it  more  consist- 
ence, and  increases  the  quantity,  while  the  colour  still  ie- 
mains  sufficiently  deep.  It  is  therefore  always  present  in 
the  prussian  blue  of  commerce.  The  sulphate  ot  non  is 
the  salt  employed,  as  being  the  most  economical. 

There  is  a different  compound,  a triple  compound  of 
prussic  acid,  alkali,  and  oxide  of  iron,  which  remains  to 
be  noticed.  By  boiling  solution  of  potash  on  prussian  blue, 
a portion  of  the  prussic  acid  is  atti acted  by  the  alkali,  as 
has  been  already  stated;  and  hence  this  liquid  throws 
down  a blue  precipitate  from  the  salts  of  iron.  But  it  con- 
tains too  a portion  of  oxide  of  iron,  which  the  prussic  acid 
has  carried  along  with  it  into  combination  with  the  potash, 
as  is  rendered  evident  by  the  simple  experiment  of  adding 
to  it  an  acid,  so  as  to  saturate  part  of  the  alkali,  a portion 
of  prussian  blue  being  precipitated. 

The  precipitate  formed  by  this  liquor,  on  adding  it  to  a 
salt  of  iron,  being  extremely  deep  in  its  colour,  it  has  been 
much  used  as  a test  to  discover  the  presence  of  that  metal, 
In  its  common  state,  however,  as  prepared  by  boiling  solu- 
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tion  of  potash  on  prussian  blue,  it  cannot  form  a test  of 
any  delicacy,  for  from  the  quantity  of  oxide  of  iron  exist- 
ing in  its  composition,  a source  of  error  is  introduced,  a 
blue  precipitate  being  produced,  either  where  any  free 
acid  is  present,  or  when  an  acid  is  evolved  by  the  action 
of  the  test  itself.  It  has  therefore  been  an  object  of  much 
investigation,  to  avoid  this  by  removing  this  oxide  of  iron. 
It  now  appears  that  the  entire  removal  of  the  oxide  is  imprac- 
ticable ; its  presence,  to  a certain  extent  at  least,  is  neces- 
sary to  maintain  the  constitution  of  the  prussic  acid,  this 
acid,  when  combined  with  potash  alone,  being  decomposed 
by  the  agency  of  water.  Still  the  oxide  of  iron  may  be  so 
far  removed,  that  what  remains  is  retained  in  combination 
with  the  prussic  acid  with  such  force  as  is  not  to  be  sepa- 
rated by  the  action  of  another  acid  ; and  from  the  com- 
pound in  this  state  used  as  a test,  no  error  can  arise.  Dif- 
ferent processes  have  been  given  to  obtain  it.  The  liquor 
prepared  from  calcined  blood  and  potash  answers  tolerably 
well,  for  although  it  contains  a portion  of  iron  derived 
from  the  blood,  this  is  much  less  than  is  contained  in  that 
prepared  by  digesting  an  alkaline  solution  on  prussian  blue. 
And  this  affords  the  simplest  method  of  preparing  the  test 
in  a state  fit  for  use.  This  test  not  only  precipitates  iron 
from  its  solution,  but  also  the  greater  number  of  the  me- 
tals ; and  as  the  precipitates  it  throws  down  are  usually  of 
a deep  colour,  it  serves  to  discover  them.  The  precipi- 
tate it  forms  from  the  salts  of  copper  is  of  a delicate  and 
permanent  brown  colour,  and  has  been  introduced  as  a 
pigment. 

The  ternary  compound  of  prussic  acid  with  potash  and 
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oxide  of  iron,  which  forms  the  above  test,  may,  by  eva- 
poration, be  obtained  in  a crystallized  state ; its  crystals 
are  of  a yellowish  colour.  The  compounds  of  the  acid  and 
oxide,  with  other  salifiable  bases,  scarcely  require  notice. 
That  with  barytes  is  obtained  in  rhomboidal  crystals  oi  a 
yellow  colour,  sparingly  soluble  in  water  ; that  with  stron- 
tites  is  less  disposed  to  crystallize,  but  is  more  soluble ; 
that  with  lime  is  deposited  in  minute  crystals  of  a yellow- 
ish tinge. 

Prussic  acid  being  formed  from  the  decomposition  oi 
animal  matter,  maybe  inferred  to  be  composed  ol  its  usual 
elements;  it  accordingly,  when  decomposed  by  heat,  nl- 
fords  the  usual  products,  and  in  particular  a large  quantity 
of  ammonia.  Scheele  gave  an  instructive  experiment  with 
regard  to  its  formation.  It  consisted  in  raising  a mixture 
of  charcoal  powder,  and  sub-carbonate  of  potash,  to  a red 
heat,  and  introducing  to  it  muriate  of  ammonia.  The 
residual  matter  afforded,  when  washed  with  water,  a ley, 
w'hich  threw  down  a blue  precipitate  from  sulphate  of  iron. 
Prussic  acid  had  therefore  been  formed,  the  ammonia  afford- 
ing hydrogen  and  nitrogen,  the  charcoal  carbon,  and  any 
portion  of  oxygen  required  might  be  derived  from  the  water 
contained  in  the  salts.  The  acid  has  since  been  formed, 
by  passing  ammonia,  in  the  gaseous  form,  over  ignited 
charcoal  in  a tube, — an  experiment  in  which  the  same  ele- 
ments are  obviously  present. 

In  these  cases,  though  oxygen  may  be  supplied  to  a cer- 
tain extent,  it  can  be  only  in  sparing  quantity ; and  these 
synthetic  experiments  prove,  that  no  large  quantity  of  this 
element  enters  into  the  composition  of  this  acid.  This 
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has  been  inferred,  too,  from  its  analysis,  as  when  decom- 
posed by  heat,  it  affords  scarcely  any  carbonic  acid,  the 
elastic  fluid  disengaged  being  carburetted  hydroo-en ; and 
some  chemists  have  even  been  disposed  to  conclude,  that 
it  contains  no  oxygen.  All  the  species  of  carburetted  hy- 
drogen gases,  however,  probably  contain  oxygen  ; a por- 
tion of  carbonic  acid  is  also  always  produced  in  the  de- 
composition of  the  prussiates.  These  facts  warrant  the 
conclusion,  that  oxygen  enters  into  the  composition  of 
prussic  acid ; and,  accordingly,  Vauquclin  found,  that  in 
its  formation  from  -ammonia  and  charcoal,  at  a high  tem- 
perature, the  quantity  is  much  increased  if  a substance  be 
added  which  can  afford  oxygen. 

Prussic  acid  is  partially  decomposed  by  oxy-muriatic 
acid,  which,  in  producing  this  change,  yields  its  oxygen. 
The  prussic  acid  thus  acquires  a stronger  smell,  becomes 
more  volatile,  and  exerts  less  powerful  affinities  ; it  preci- 
pitates oxide  of  iron  green  from  its  salts,  the  precipitate 
becoming  blue  from  exposure  to  light,  or  the  action  of 
substances  which  abstract  oxygen.  The  acid,  in  this  state, 
has  been  named  Oxy- Prussic  Acid.  If  still  farther  im- 
pregnated with  oxy-muriatic  acid,  and  exposed  to  light, 
it  is  converted  into  an  oily-like  substance,  having  an  aro- 
matic odour,  not  soluble  in  water,  and  having  no  aci- 
dity. 
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Sect.  II. — Of  the,  Spontaneous  Decomposition  of  Animal 
Substances  at  low  temperatures. 

The  spontaneous  changes  which  .animal  matter  under  - 
goes  from  the  re-action  of  its  elements,  are  various,  ac- 
cording to  the  .circumstances  un  der  which  it  is  placed. 

If  it  be  completely,  excluded  from  air  and  moistuie,  it 
decays  with  extreme  slowness  ; it  is  finally  changed,  how- 
ever, so  that  nothing  remains  but  an  earthy-like  substance. 

If  those  animal  substances  which  are  not  soluble  in 
water,  those,  for  example,  which  consist  principally  oi 
fibrin,  as  the  muscular  fibre  or  fleshy  be  kept  immeiscd 
in  water,  the  soluble  parts  are.  removed,  and  the  fibrin  is 
gradually  changed  into  a fatty  matter,  similar  to  spei  ma- 
ced. A similar  change  is  produced  by  the. agency  of  very 
diluted  nitric  acid  on  the, muscular  fibre.  In  either  case 
the  nitrogen  and  phosphorus  seem  to  be  disengaged,  pro-, 
bably  in  combination  with  hydrogen  ; while  another  por- 
tion of  the  hydrogen,  with  perhaps  a quantity  ol  oxygen, 
combined  with  the  carbon,  form  the  residual  matter. 

When  atmospheric  air  is  not  entirely  excluded,  a ' nd 
•when  moisture  with  a certain  degree  of  heat  is  presc  nt, 
the  process  named  Putrefaction  commences.  The  elemc  ;nts 
of  the  animal  matter  enter  into  new  combinations,  wl  iieh 
generally  pass  off  in  the  gaseous  form ; and  an  inconsider  able 
quantity  of  earthy  matter  remains  when  the  process  i'  j fi- 
nished. The  precise  nature  of  these  combinations  has  not, 
from  the  offeusiveness  of  the  process,  been  accurately  ob- 
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served  ; and  they  probably  vary  according  to  the  nature 
of  the  animal  matter,  and  the  circumstances  under  which 
it  is  decomposed.  Ammonia  formed  by  the  union  of  the 
nitrogen  and  hydrogen  of  the  animal  matter,  is  always 
disengaged  in  considerable  quantity.  Phosphurettcd  hy- 
drogen appears  to  be  produced,  as  this  gas,  even  when 
obtained  pure,  has  the  odour  exclusively  termed  Putrid. 
Sulphuretted  hydrogen  forms  another  part  of  the  vapours 
disengaged  from  putrefying  substances,  as  these  vapours 
have  in  some  degree  its  smell,  and  blacken  the  metals,— a 
peculiar  property  of  this  gas.  Carburetted  hydrogen  and 
carbonic  acid  are  likewise  separated.  And,  lastly,  it  is 
probable  that  not  only  these  binary  combinations,  but 
compound  gases  consisting  of  three  or  more  ‘ of  these  ele- 
ments with  oxygen,  are  formed  and  discharged. 

As  this  process  must  necessarily  be  carried  on  at  the 
surface  of  the  earth,  its  products  are  diffused  through  the 
atmosphere,  dissolved  by  water,  and  absorbed  by  the  soil. 
They  furnish  the  principal  nutritious  matter  for  the  sup- 
port of  vegetables,  and  are  again  prepared  for  the  nourish- 
ment of  animals. 
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